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Abstract

Islet transplantation (IT) is today a well-established
treatment modality for selected patients with type 1
diabetes mellitus (T1DM). After the success of the Uni-
versity of Alberta group with a modified approach to
the immune protection of islets, the international ex-
perience grew along with the numbers of transplants
in highly specialized centers. Yet, long-term analysis of
those initial results from the Edmonton group indicated
that insulin-independence was not durable and most
patients return to modest amounts of insulin around
the fifth year, without recurrent hypoglycemia events.
Many phenomena have been identified as limiting fac-
tor for the islet engraftment and survival, and today all
efforts are aimed to improve the quality of islets and
their engrafting process, as well as more optimized im-
munosuppression to facilitate tolerance and ultimately,
better long term survival. This brief overview presents
recent progress in IT. A concise historical perspective is
provided, along with the latest efforts to improve islet
engraftment, immune protection and ultimately, pro-
longed graft survival. It is apparent that as the commu-
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nity continues to work together further optimizing IT, it
is hopeful a cure for T1IDM will soon be achievable.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Islet transplantation; Type 1 diabetes; Im-
munosuppression

Core tip: Since the initial inception of the “Edmonton
protocol”, phenomenal progress has transpired in the
last decade. These milestones were namely due to the
implementation of numerous pre-clinical and clinical in-
vestigations, testing innovative agents allowing potent
immunotolerance with minimal complications as well
as alternative transplant sites to overcome limitations
inherent to the current intraportal access. As a result
nearly 80% of full or partial graft function, out of more
than 300 transplants performed to date. As the field of
continues to work and progress together, it is foresee-
able that a cure for type 1 diabetes mellitus is obtain-
able in the near future.

Pepper AR, Gala-Lopez B, Ziff O, Shapiro AMIJ. Current
status of clinical islet transplantation. World J Transplant
2013; 3(4): 48-53 Available from: URL: http://www.wjg-
net.com/2220-3230/full/v3/i4/48.htm DOI: http://dx.doi.
org/10.5500/wjt.v3.14.48

INTRODUCTION

Islet transplantation (IT) is today an accepted modality
to treat selected diabetic patients with frequent hypogly-
cemics and severe glycemic lability"?, The “Edmonton
Protocol” became a milestone by reporting sustained
C-peptide production and high rates of insulin-indepen-
dence after transplant in type 1 diabetes mellitus (T1DM)".
This reality became possible with the use of newer, more
potent immunosuppressant (IS) agents, the avoidance
of corticosteroids, and high-quality islet preparations, al-

December 24, 2013 | Volume 3 | Issue4 |



though typically two islet infusions were required to attain
insulin independence.

Long-term analysis of these initial results from the
Edmonton group indicated that insulin-independence
was not durable and most patients return to moderate
amounts of insulin approximately 5 years post-infusion, in
the absences of recurrent hypoglycemia events'™,

Causes for this chronic graft function remain unclear,
but are likely associated with immune rejection, recurrence
of autoimmunity or chronic exposure to diabetogenic IS
agents[s’é].

This brief overview presents recent progress in IT. A
succinct historical viewpoint is provided, along with the
resent efforts to improve islet engraftment, immune pro-

tection and ultimately, prolonged graft survival.

HISTORICAL PERSPECTIVE

The history of IT is filled with numerous sacrifices and
hardly fought successes. Eatly rudimentary experiments
in the 19" Century lead to the concept of isolation and
puriﬁcationm. In 1966, the University of Minnesota
group performed the first clinical attempt to cure TIDM
by whole pancreas transplant[7’8]. It allowed technical
improvements, but more importantly, refinements in IS
while introducing cyclosporine continued with the use of
multiple and more potent drug schemes.

Clinical investigators at Washington University
demonstrated the possibility of reversing diabetes with
temporary insulin independence after transplantation of
human islets. It was a transient success because IS was still
insufficient”. A year later, the first successful series of hu-
man islet allografts was reported by the University of Pitts-
burgh, achieving prolonged insulin-independence with a
more optimized IS based on the recently introduced agent
FK-506 and no steroids'”.

Another important milestone was the report from
the University of Alberta group showing successful long-
term results on selected patients, with the use of a novel
IS scheme. Grafts were non-human leukocyte antigen
(HLA) matched, patients were not sensitized (negative
panel reactive antibody pre-transplant), islets were ABO
compatible, and sequential transplants were used to deliv-
er an adequate islet infusion mass by a percutaneous poz-
tal venous access route. Immunosuppression was tailored
to avoid steroids and minimize calcineurin inhibitors to
prevent diabetogenicity, with the combination of siro-
limus, low-dose tacrolimus (T'AC), and the daclizumab
induction"”.

New programs proliferated worldwide based on the
lessons learned from the “Edmonton Protocol” and the
number of transplant significantly increased over the
coming years. However, insulin independence was not
durable long-term and most patient returned to modest
amounts of insulin without risk of recurrent hypoglyce-
mia by the third to fifth year. Additionally, approximately
25% required additional late islet infusions during the
second or third year post-transplant”.
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Islet infusions, recipients and donors at

1200 centres registered with CITR
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tlyr
Figure 1 Total number of recent islet allograft infusion per recipient per

donor in CITR-participating centers (2004-2010). Data adapted from 2010
CITR Seventh Annual Report.

New efforts are now aimed to improve the quality
of islets, enhanced their engraftment conditions and
prolonged their function. Moreover, new transplant sites
are also consider overcoming the limitations of the tradi-
tional intraportal site and providing a suitable framework
for future strategies, such as the use of insulin-producing
stem cells as surrogate for the precious and increasingly
scarce human islets.

EDMONTON’S CURRENT RESULTS

Despite significant improvements in the care of T1DM
patients, a subgroup remains in significant disadvantage
due to refractory hypoglycemia. The option of IT of-
fers the possibility of improved glycemic control”. The
recent years have witnessed substantial progress in the
number and results of IT (Figure 1).

Before the year 2000, few centers performing IT
achieved high rates of sustainable insulin independence
after this procedure. In 2000, Shapiro ez al”! reported
their initial findings in seven consecutive subjects treated

with glucocorticoid-free immunosuppressive therapy
combined with infusion of an adequate mass of freshly
prepared, bringing a new perspective on the immunopro-
tection provided for these patientsm. The success achieved
with this new scheme prompted interest and enthusiasm
among various programs and launched a major interna-
tional trial with key results for our current concepts on
Immunosuppression.

Today, the Clinical Islet Transplant Program at the
University of Alberta remains as one of the most impor-
tant and active transplant center in the world after be-
coming a beacon with one of the most integral and suc-
cessful approaches to I'T with sustained and reproducible
long-term results. The task remains improving the viabil-
ity of islet preparations and also in determining the most
optimal IS agents to improve the initial results published
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Table 1 Summary of current open clinical trials with interventions in islet transplantation (Adapted from Clinical Trials.gov)

Trial ID Description Institution
NCT01653899  Caspase Inhibition in Islet Transplantation University of Alberta
NCT00468117  Efficacy of Islet After Kidney Transplantation National Institute of Allergy and
Infectious Diseases
NCT01705899  Islet Allotransplantation in Type 1 Diabetes Ohio State University
NCT01652911 A Phase I /Il Study of the Safety and Efficacy of Sernova's Cell Pouch™ for Therapeutic Islet University of Alberta
Transplantation
NCT00784966  Islet After Kidney Transplant for Type 1 Diabetes Virginia Commonwealth University
NCT00790257  Safety and Efficacy Study of Encapsulated Human Islets Allotransplantation to Treat Type 1 Cliniques universitaires Saint-Luc-
Diabetes Université Catholique de Louvain
NCT00853944  Effect of Sitagliptin on Graft Function Following Islet Transplantation University of British Columbia
NCT00249652  Transplant and Addiction Project 1 National Institute on Drug Abuse
NCTO00530686  Pancreatic Islet Cell Transplantation - A Novel Approach to Improve Islet Quality and Baylor Research Institute
Engraftment
NCT01123187  Islet Cell Transplantation in Patients With Type 1 Diabetes With Previous Kidney Transplantation ~ University Hospital, Lille
NCT01817959  Study to Assess Efficacy and Safety of Reparixin in Pancreatic Islet Transplantation Dompé s.p.a.
NCT00679042  Islet Transplantation in Type 1 Diabetic Patients Using the University of Illinois at Chicago University of Illinois
Protocol
NCT00453817  Islet of Langerhans Graft Monitoring by Magnetic Resonance Imaging University Hospital, Geneva
NCT00853424 A Comparison of Islet Cell Transplantation With Medical Therapy for the Treatment of Diabetic ~ University of British Columbia
Eye Disease
NCT00789308  Safety and Effectiveness of Low Molecular Weight Sulfated Dextran in Islet Transplantation National Institute of Allergy and
Infectious Diseases
NCT01148680  Trial Comparing Metabolic Efficiency of Islet Graft to Intensive Insulin Therapy for Type 1 University Hospital, Grenoble
Diabetes’s Treatment
NCT01241864  Islet Transplantation in Type 1 Diabetic Kidney Allograft University of Chicago
NCT01722682  Bone Marrow vs Liver as Site for Islet Transplantation Ospedale San Raffaele
NCTO01630850  Islet Transplantation in Patients With\ Brittle\ “Type 1 Diabetes” University of Chicago
NCTO01186562  Sitagliptin Therapy to Improve Outcomes After Islet Autotransplant University of Minnesota
NCT01285934 A Trial of High Dose Immunosuppression and Autologous Hematopoietic Stem Cell Support University of Sao Paulo General
Versus Intensive Insulin Therapy in Adults With Early Onset TIDM Hospital
NCT00646724  Cotransplantation of Islet and Mesenchymal Stem Cell in Type 1 Diabetic Patients Fuzhou General Hospital
NCT01379729  Bet Cell Therapy in Diabetes Type 1 AZ-VUB
NCT01341899  Efficacy and Safety Study of Autologous Hematopoietic Stem Cell Transplantation to Treat New  The Affiliated Nanjing Drum
Onset Type 1 Diabetes Tower Hospital of Nanjing
University Medical School
NCT01736228  Open-label Investigation of the Safety and Efficacy of DIABECELL in Patients With TIDM Living Cell Technologies
NCTO01346098  Islet Autotransplantation in Patients at Very High-risk Pancreatic Anastomosis Ospedale San Raffaele
NCT00989547  Cord Blood Infusion for TIDM Technische Universitit Miinchen
NCT00807651  Autologous Hematopoietic Stem Cell Transplantation for Early Onset Type 1 Diabetes Shanghai Jiao Tong University
School of Medicine
NCT01042301  Profiling of Original Cellular and Humoral Biomarkers of Type 1 Diabetes Nantes University Hospital
NCT01350219  Stem Cell Educator Therapy in Type 1 Diabetes Tianhe Stem Cell Biotechnologies
Inc.
NCT00014911  Immunosuppressive Medications for Participants in ITNOO5CT National Institute of Allergy and

Infectious Diseases

with the “Edmonton Protocol”, but also to achieve single
donor insulin-independence, safety and tolerability.

MAIN CHALLENGES TO IT

A recent study published a cross-sectional analysis of
the current Edmonton results. It showed 79% of full or
partial graft function out of more than 300 transplants
performed. The median duration of insulin indepen-
dence was 34.6 and 11.0 mo for subjects with full or par-
tial graft function, whereas the duration of C-peptide was
53.3 and 70.4 mo for those same patientsm.

Phenomenal progress has occurred in the last years due
to the implementation of numerous findings from pre-
clinical and clinical investigations testing different agents
to allow better immunotolerance with lesser complications,
novel devices to provide islets with a safer environment, as
well as new transplant sites to overcome limitations inher-
ent to the current intraportal access (Table 1).
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It is apparent that in light of the therapeutic advantages
of B-cell replacement through IT, numerous contribut-
ing factors hinder islet graft survival and function. These
obstacles must be overcome in order for this therapy to
become the ubiquitous alternative to pancreas transplan-
tation and exogenous insulin administration. Despite
intrahepatic islet infusion being the route of choice for
over three decades'™"” in both experimental and clinical
settings, several complications with this approach exist
which may account for islet graft attrition . The liver
indeed has an advantage of a multiple vascular supply,
however, its parenchymal oxygen tension, is well below
that of the pancreas and is not conducive to islet surviv-
al"”?". Furthermore, the infusion of islets into the liver
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is associated with inherit procedural risks including but
not limited to catheter-induced hemorrhage and throm-
bosis”". Disadvantages of this route of islet administra-
tion also include limited ability to image islet grafts post-
transplant, incapacity to retrieve the graft if required, and
restricted quantity of [-cell mass that can recipient can
receive due to portal pressure elevation""**"*. The in-
nate immune system further contributes to a reduction
in B cells mass acutely post-infusion into the patient’s
portal circulation. It is estimated that greater than 50%
of the transplanted islets are lost within hours post infu-
sion which is thought in part to be due to the immediate
blood mediated inflammatory reaction and complement
coagulation cascade, as evidenced by acute C-peptide
release, and from quantitative positron emission tomog-
raphy scan irnagery“4’16’23’27
with the diabetogenic action of the immunosuppressive

| These factors in conjunction

drugs [ze., calcineurin inhibits, sirolimus, mycophenolate
mofetil (MMF)]*", suboptimal islet revascularization”",
both the adaptive and innate immune responses, potential
HLA—antigenmm sensitization and lack of an effective
means of determining islet potency prior to transplant,
together contribute to an inept utilization of the small
number of available cadaveric donor pancreata[m’m.
The difficulties and limitations associated with hepatic
portal vein infusion have stimulated robust efforts into
investigation strategies to improve islet engraftment, such
as refined IS protocols, surrogate sources of B-cells (ie.,
stem cells or porcine islets) and alternative transplantation
sites, in effort to increase the potential for long-term islet

graft survival and function!*"™.

IMPROVING ISLET GRAFT FUNCTION

The early results from IT should be taken into context
and compared to alternative treatments modalities. In
contrast to pancreas transplantation, I'T is still in its in-
fancy. Roughly 750 type 1 diabetic patients have received
an IT among the some 30 active international islet cen-
ters over the past decade. In comparison, approximately
30000 pancreas transplants have been conducted over the
past three decades™ ™. Despite the relatively low number
of islet recipients, encouraging results with IT have re-
cently been reported, such as the greater than 50% insu-
lin-independent rates from solitary pancreas transplanta-
tion 5 years post-transplant has now been matched by I'T
in at least four independent centers, namely Edmonton,
Minneapolis, Genva and Lille. It is evident that recent
significant advances in islet preparation and immunosup-
pressive therapy have improved the efficacy and safety of
IT to the point that it now challenges whole organ pan-
creas transplantation.

Due to the multiple pathways known to be involved
in B-cell attrition, including the autoreactive and alloreac-
tive immune response, as well as the alloresponse it can be
argued that a monotherapy IS approach is improbable to
further enhance I'T outcomes. Indeed, strategies towards
single-donor IT has begun by implementing multiple
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pathways blockades to IS cocktails, which face the chal-
lenges of promoting islet graft survival. Combining anti-
inflammatory biologics to maintenance IS have led to
improved single-donor success rates at the University of
Minnesota”*". The success rate of islet donor islet re-
cipients has dramatically increased from 10%-40% when
peritransplant insulin and heparin intervention has been
employed””. Tumor necrosis factor-g, blockage by etan-
ercept has improved single-donor islet transplant out-
comes as well”**, In preclinical settings specific anti-
inflammatory agents such as the interleukin-1 receptor
antagonist anakinra and etanercept significantly increased
marginal mass islet engraftment™ ™. Furthermore, anti-
apoptosis and growth stimulation [ie., glucagon-like
peptide 1 (GLP-1)] have further demonstrated advan-
tageous results in both preclinical and clinical studies,
for instance the short acting GLP-1 analogue exenatide
demonstrated an increased single-donor islet engraftment
success rate*. Clonal depletion of alloreactive T cells
appears promote a hyporesponsive environment and
peripheral mechanisms of anergy, thus driving the shift
¥ The use of T-cell depletion induc-
tion methods such as alemtuzumab in conjunction with
TAC/MMF have resulted in substantial improvements
in long-term insulin-independence (> 5 years)[m’szl. In
addition, a current example of the extraordinary prog-
ress that has been made when combine IS strategies are
implemented, is the remarkable success that has been
achieved when co-stimulation blockage using belatacept
(inhibiting CD80-CD86 interactions) in conjunction with
T-cell depletion induction and in the absence of calcineu-
rin inhibitors led to insulin independence with islets from
a single donor and prolonged allograft survival®, It is
clear current immunosuppressive therapies have become
well tolerated and safer for the recipient by minimizing
the adverse side effects while improving islet engraft-
ment.

towards tolerance

CONCLUSION

Since the first pioneering experimental and clinical stud-
ies, substantial improvements have been made in IT, lead-
ing to the development of the “Edmonton Protocol”.
Over the past decade, since this protocols inception,
continued progress in the field has resulted in markedly
higher rates of single-islet recipient success rates as well
as sustained insulin-independences (> 5 years). Not to
be forgotten are the benefits for microvascular complica-
tions (ze., reduced retinopathy) and the amelioration of
hypoglycemic unaware events following I'T, in most cases
irrespective of glycemic control. Despite the favourable
long-term safety profile associated with I'T, many unan-
swered questions still exist; namely, the causality of islet
graft function and attrition. For instance reduction in
HbA1C and hypoglycaemia normally attributed to graft
function may in part be a reflection of close glycemic
monitoring. Equally, graft dysfunction and poor glycemic
control post-transplant may be attributed to poor adher-
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ence and psychosocial influences among others, rather

than exclusively caused by islet graft loss®™. Some of

these answers may very well indeed be answered through
randomized clinical trials. By no means should IT be
perceived as a cure for all type 1 diabetics, however for a
subset of individuals with severe glycemic lability, IT has
been demonstrated to be an excellent therapeutic strategy

to achieve glycemic control and abrogation of hypogly-

caemia. As the field of continues to work and progress
together, in effort to refine and optimized IT, it is fore-
seeable that a cure for T1DM is obtainable in the not so
distant future.
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Abstract

In spite of intensive research, the molecular basis of
allograft and xenograft rejection still remains not fully
understood. The acute rejection of an allograft is associ-
ated with the intragraft Thl cytokine response, while
tolerance of an allograft or xenograft rejection is ac-
companied by a higher production of the Th2 cytokines
interleukin (IL)-4 and IL-10. Nevertheless, these cyto-
kines are not the final regulatory and effector molecules
mediating transplantation reactions. Data indicate that
the functioning of common molecules with enzymatic
activities, such are inducible nitric oxide synthase (iNOS),
arginase, heme oxygenase-1 (HO-1) or indoleamine-2,3-
dioxygenase (IDO), the bioavailability of their substrates
(L-arginine, tryptophan, heme) and the cytotoxic and
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regulatory actions of their small gaseous products (NO,
CO) can be the ultimate mechanisms responsible for
effector or regulatory reactions. Using models of trans-
plantation immunity and tolerance we show that T cell
receptor-mediated recognition of allogeneic or xenoge-
neic antigens as well as the balance between immuni-
ty/tolerance induces distinct cytokine production profiles.
The ratio between Thl and Th2 cytokines efficiently
regulates the expression of genes for common enzymes,
such as iNOS, arginase, HO-1 and IDO. These enzymes
may compete for substrates, such as L-arginine or tryp-
tophan, and the final product of their activity are small
molecules (NO, CO) displaying effector or regulatory fun-
ctions of the immune system. Thus, it is suggested that
in spite of the high immunological specificity of transpla-
tation reaction, the ultimate players in regulatory and ef-
fector functions could be small and common molecules.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Immunoregulation; Graft rejection; Toleran-
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Core tip: The paper discusses the role of small and
common molecules, such are inducible nitric oxide syn-
thase, arginase, heme oxygenase-1 or indoleamine-
2,3-dioxygenase, the bioavailability of their substrates
(L-arginine, tryptophan, heme) and the cytotoxic and
regulatory actions of their small gaseous products (NO,
CO), in regulation of transplantation reactions.
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INTRODUCTION

The recognition of graft donor antigens, either by a
direct or indirect route, induces an immune response that
includes the participation of phenotypically and functi-
onally distinct cell populations. The activity and mutual
cooperation of these cells result in the stimulation of
effector cytotoxic cells and graft rejection on one side or
in the activation of regulatory Tregs (T) cells and regula-
tory Bregs (B) cells and the induction of transplantation
tolerance on the other side. Both effector cytotoxic reac-
tions and transplantation tolerance are strictly haplotype
specific.

It is now well recognized that due to the abundance of
immunological mechanisms, more different cell populati-
ons and a number of different mechanisms are involved
in the regulation of the immune reaction and contribute
to graft rejection or tolerance induction. Regulatory activi-
ty is not restricted to the best characterized CD4'CD25"
Foxp3" T cells, as CD8", CD8'CD28", CD4CD8 and
NKT cells have been shown to inhibit immune reactions
in some models of transplantation tolerance! ™. Recently,
a regulatory activity, independent of antibody production,
has been attributed to a B cell population called B cells™”.
These cells inhibit immune reactions, including transplan-
tation immunity[(”ﬂ. Similarly, effector cytotoxic reactions
are not confined only to the activity of the originally
described cytotoxic CD8" T cells, but cytotoxic CD4" T
cells, NK cells and especially activated macrophages can
kill allogeneic and xenogeneic cells of graft donor origin.
Recent data suggest that the specificity and type of trans-
plantation reaction are ensured during the recognition of
antigens by the antigen-specific T cell receptor and by the
cytokine environment. Different types of transplantation
antigens and/or different immunization/toletization con-
ditions induce distinct patterns of cytokine production
(Table 1). The published data indicate that individual cyto-
kines stimulate the expression of functionally different,
but in the organism common genes, that are responsible
for the generation of small effector molecules repre-
senting the ultimate regulatory and effector elements of
the immune system. Taking into account the recognized
mechanisms of CD4"CD25" Foxp3+ T and B cell action
and the mechanism of the cytotoxic activity of activated
macrophages we suggest that at least some regulatory and
effector functions of the immune system are mediated by
“common small” molecules that are functionally not con-
fined only to the immune system.

MACROPHAGES AS IMPORTANT
EFFECTOR CELLS INVOLVED IN GRAFT

REJECTION

For many years, cytotoxic CD8" T lymphocytes which
kill cells of the graft donor haplotype 7 vitro, had been
considered as the main effector cells responsible for graft
rejection. However, experiments have shown that the
depletion of CDS8" T cells does not prevent graft rejec-
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Table 1 Polarization of cytokine production in response to

transplantation antigens

Model Type of cytokine response'
Acute rejection of allograft Thl and Th17
MLC to xenoantigens Th2
Rejection of xenograft Predominantly Th2
Neonatally induced tolerance of allografts Th2
Anti-CD4 induced tolerance in adulthood Th2
Immunosuppressive drug induced Th2
tolerance to alloantigens

Acute graft-versus-host reaction Thl
Chronic graft-versus-host reaction Th2
Mucosal tolerance to alloantigens Th2 (or Th3)

'The Th1 type of cytokine response is characterized by the predominant
production of interleukin (IL)-2 and interferon y. For the Th2 type of
response, the higher production of IL-4, IL-5, IL-10 and IL-13 is typical.
The production of the proinflammatory cytokine IL-17 is characteristic
of the Th17 response. The Th3 type of response is characterized by the
production of IL-4 and IL-10 and by the high production of the inhibitory
cytokine transforming growth factor j.

tion™. A more important role in the rejection reaction has
been attributed to CD4" T cells. Elimination of CD4™ T
cells results in the prolonged survival of both allografts
and xenografts or even in a permanent allograft toler-
ance”". An important role in allograft rejection has been
attributed to two CD4" T cell subsets - to proinflamma-
tory Thl cells producing interleukin (IL)-2 and interferon
(IFN)-y and to Th17 cells producing T1.-17"*", Tn addi-
tion to CD4" T cells, a significant role in graft rejection
is played by macrophages, which represent an abundant
cell population infiltrating rejected allografts and xeno-
graftsm’m. The involvement of macrophages in both
the recognition and rejection of grafted cells has been
described"*'”. Tt has been shown in a kidney allograft
model that the greatest accumulation of macrophages
producing nitric oxide (NO) occurs in those sites in the
graft where the greatest degree of damage and the high-
est occurence of apoptotic graft cells are seen'"’,

Macrophages require for their activation a signal from
stimulated T' cells. It has been demonstrated in vatious
models of allotransplantation that alloantigen-stimulated
CD4" T cells are the main activators of graft infiltrating
macrophages and that IFN-y is the principal cytokine
responsible for their activation™"”. According to the type
of activation signal, two distinct populations of macro-
phages have been described”™". The so-called classically
activated or “killer” macrophages (M1) are activated by
IFN-y (or other Th1l or Th17 cytokines) and produce
reactive oxygen species, proinflammatory cytokines and
drive an inflammatory/rejection reaction. In contrast,
alternatively activated or “healet” macrophages (M2) are
stimulated by the Th2 cytokines I1.-4 and 11.-13 and con-
tribute to debris scavenging, angiogenesis and the wound
healing process. Their phenotype and activity can be
enhanced by another Th2 cytokine I1.-10%,

Since individual T cell subpopulations differ in their
ability to produce different patterns of cytokines and
to activate M1 or M2 macrophage subpopulations, the
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expression of effector mechanisms of the rejection reac-
tion will depend on the cytokine spectrum at the site of
rejection and subsequently on the activity of graft infil-
trating macrophages. The classically activated macropha-
ges produce NO as one of the toxic effector molecules
involved in graft rejection.

NITRIC OXIDE IN ALLOGRAFT REJECTION

NO is an ubiquious molecule that is toxic for a variety
of pathogens and foreign cells. The production of NO
is catalyzed in the body by the enzyme nitric oxide syn-
thase (NOS) which occurs in three isoforms: endothelial
NOS, neural NOS and inducible NOS (iNOS). Especially
INOS which is expressed in a variety of cells of the im-
mune system and mainly in macrophages, can inducibly
produce large quantities of NO. Elevated levels of NO
have been detected during the rejection of skin, kidney,

heart, liver, lung and corneal allografts[23’25]. The produc-
tion of NO after allotransplantation correlates with the
kinetics of graft rejection and with the fate of the graftm]
and the highest iNOS expression is seen in those sites
in an allograft where the highest level of apoptosis of
the grafted cells occurs'”. The observations that the in-
hibition of NO production by means of specific iNOS
inhibitors" %"

jection and prolongs allograft survival can be considered

ot by NO scavenging™ prevents graft re-

as direct evidence for involvement of NO in allograft
rejection.

THE RELATIONSHIP BETWEEN INOS/
ARGINASE AND NO PRODUCTION

INOS is expressed in a variety of immunologically active

cells, and among them activated macrophages are the
main producers of NO. Once induced, iNOS oxidizes
L-arginine as a substrate to form NO and citrulline.
However, iNOS has to compete for L-arginine with argi-
nase, another intracellular enzyme that utilizes L-arginine.
Arginase which converts L-arginine into urea and L-orni-
thine, is produced in two molecular forms, arginase [ and
arginase II. Both isoforms differ in their cellular sub-
localization and their tissue distribution. Arginase [, the
cytosolic isoform, is mainly found in the liver and less so
in other tissues, whereas arginase I, the mitochondrial
isoform, is found predominantly in the kidney, prostate,
small intestine, and breast™. Significant differences in the
tissue expression of arginase isoforms also exist among
various species. For example, while mouse macrophages
express both isoforms, only arginase | was found in rat
macrophages””. Human arginase I can be found among
myeloid cells only in granulocytes, and its expression is
not modulated by a variety of proinflammatory or anti-
inflammatory stimuli®". Tt seems that the genes for both
isoforms are regulated differentially and have different
kinetics of expression in stimulated cells™.

Both iNOS and arginase compete for L-arginine as
a common substrate and thus affect each other. Bioche-
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mical data showed that while Km for L-arginine is in the
2-20 mmol/L range for arginase compared with the 2-
20 pmol/L range for various NO synthases, the 'max
of arginase is 1000-fold higher than for NOS™. Further-
more, the NOS product hydroxyarginine is an inhibitor
of arginase while conversely, polyamines inhibit the NOS
enzymesmj. The amount of NO formed thus depends
critically on the bioavailability of the substrate™. In other
words, the increased formation of arginase decreases the
bioavailability of I-arginine for iNOS and thus reduces or
even attenuates the production of NO. These biochemical
properties are likely to have functional significance since it
has been demonstrated that arginase activity in macropha-
ges limits NO production[35’3(’].

CYTOKINE-INDUCED REGULATION OF
THE INOS/ARGINASE RATIO

The expression of both L-arginine utilizing enzymes,
iNOS and arginase, is reciprocally regulated by cytokines.
While Th1 cytokines stimulate the production of iNOS
and rather inhibit the expression of the genes for argi-
nase, Th2 cytokines activate arginase and suppress iNOS
formation”” ", This dichotomy in the cytokine regulation
of the iINOS/arginase ratio is demonstrated in Figure 1.
The main cytokine activating iNOS expression and NO
production in macrophages is IFN-y, but other proin-
flammatory cytokines, such as TNE, IL-1 and 11-17, can
also stimulate NO production. The production of argi-
nase is stimulated by Th2 cytokines[35], mainly by 1L-4,
IL-10, IL-13 and transforming growth factor . The cyto-
kines that stimulate arginase, suppress the cytotoxic func-
tions of macrophages and inhibit NO production. Thus,
it is obvious that the activity of the macrophages parti-
cipating in an immune response is regulated by the ratio
between Th1/Th2 cytokines in the environment. While
Th1 cytokines stimulate NO production, the presence or
an excess of Th2 cytokines inhibits NO formation th-
rough the upregulation of arginase and subsequently by
the exhaustion of L-arginine. This differential activation
of the enzymes INOS/atginase is further complicated by
the recent discovery of the additional CD4" proinflam-
matory T cell subsets Th17 and Th22 which modulate
iNOS activity by the production of I1.-17 and I1.-22"".
The dichotomy in the upregulation of iNOS or arginase
production correlates with the above mentioned M1 or
M2 macrophage phenotype”'. M1 macrophages produ-
ce iNOS which uses L-arginine as a substrate to produce
NO. In contrast, M2 macrophages constitutively produce
the enzyme arginase [, which sequesters L-arginine from
iNOS and results in the production of ornithine and
downstream polyamines and L—prolinem.

THE INOS/ARGINASE RATIO DURING
GRAFT REJECTION

Macrophages represent an abundant cell population infil-
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Figure 1 The distinct cytokine production profiles that are induced during allograft or xenograft rejection differentially regulate the expression of the
genes for the enzymes inducible nitric oxide synthase and arginase. During allograft rejection, high levels of interleukin (IL)-2 and interferon (IFN)-y and very low
amounts of IL-4 and IL-10 are produced. The proinflammatory cytokine IFN-y stimulates the expression of the gene for inducible nitric oxide synthase (iNOS), and sig-
nificant NO generation can be observed in rejected allografts. In contrast, the rejection of xenografts (or allograft tolerance) is associated with the high expression of
the genes for the Th2 cytokines IL-4 and IL-10, in addition to the production of Th1 cytokines. Both iINOS and arginase are formed during xenografft rejection. Arginase
successfully competes with iNOS for L-arginine as a common substrate. As a consequence, the availability of L-arginine for iNOS becomes limited, and little or no NO

generation can be detected in rejected xenografts.

trating rejected allografts and xenografts”™”. Other cell
types, such as activated CD4" or CD8" T cells, also occur
regularly at the site of graft rejection and are a potent
source of various cytokines. Therefore, the local cytokine
milieu created by various graft-infiltrating T cell subsets
regulates the iNOS/arginase ratio and the production
of NO by macrophages. Since a strong Thl cytokine
response is regularly observed during allograft rejecti-
on™*!! overexpression of the INOS gene and enhanced
NO production can be expected during allograft rejection.
Numerous studies have confirmed that increased levels of
NO are, in fact, produced during allograft rejection”"**,
Conversely, the higher production of IL-4 and IL-10,
i.e., cytokines stimulating arginase, dominates during
xenograft rejection or in the state of transplantation tole-
rance™ ™. Since arginase utilizes L-arginine with a high
affinity, which then becomes less available for iINOS, NO
production can be expected to be attenuated. Indeed, we
found a lack of NO formation in rejected rat skin xeno-
grafts, in spite of abundant /INOS gene expression and
iNOS protein accumulation in the xenograftsmj. Using
selective inhibition of arginase activity with the specific
inhibitor N*-hydroxy-L-atginine, the production of NO
in the rejected skin xenografts was restored". Similarly,
the production of NO in xenograft explants was restored
by adding an excess of L-arginine to the cultures”. Fur-
thermore, we demonstrated that the activation of arginase
was inhibited or decreased when xenograft recipients were
treated with an anti-CD4 mAb, eliminating CD4" T cells
as the principal source of Th2 cytokines after xenotrans-
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plantation, or with anti-IL-4 mAb, the antibody neutra-
lizing the main cytokine that activates the expression of
the arginase genes. Both of these treatments restored, at
least partially, NO production after xenotransplantation.
Taken together, these results suggest that the Th1/Th2
ratio during allograft or xenograft rejection regulates NO
production through its influence on the iINOS/arginase
balance and that CD4" T cells are the main players regula-
ting this pathway.

GENERAL CONCLUSIONS CONCERNING

INOS/ARGINASE REGULATION

The production of NO by graft infiltrating macrophages
is effectively regulated by the cytokine milieu at the site
of graft rejection. Thl cytokines which predominate
during acute allograft rejection support the development
of M1 macrophages, and stimulate iNOS expression
and NO production. Conversely, Th2 cytokines which
are abundantly produced during the state of allograft
tolerance or during the rejection of xenografts, stimulate
the activation of M2 macrophages as well as arginase
formation and thus cause a decrease in bioavailability of
L-arginine for iNOS. As a consequence of this pathway,
NO production is attenuated. This regulatory pathway
may ensure the absence of NO production as a cytotoxic
effector molecule during allograft tolerance. The pro-
duction of IL-10, a typical Th2 cytokine, is also a main
mechanism of Breg-mediated immunosuppression. As
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evidence, neutralization of IL-10 abrogates B-cell medi-
ated suppression in a majority of systems™. The role
of B cells in transplantation tolerance has been shown'®”.
As mentioned above, 1L-10 is one of the cytokines that
stimulates in macrophages the expression of arginase,
which successfully competes with iNOS for the common
substrate L-arginin and thus attenuates NO production
by iNOS. The absence of NO decreases rejection reac-
tion and supports graft tolerance, Similarly, NO genera-
tion is also very low or absent during xenograft rejection
which is associated with the elevated production of the
Th2 cytokines 11.-4 and I1.-10. The participation of other
cell populations, such as NK cells, eosinophils and cyto-
toxic CD8" T cells, which are not so frequent in rejected
allografts, or the production of cytotoxic anti-xenograft
antibodies can overcome the absence of NO during xe-
nograft rejection.

From a more general point of view, the ability of argi-
nase to inhibit NO generation by competing for L-argi-
nine may have an important physiological significance.
High levels of Th2 cytokines and strong arginase activity
are regularly induced in the host by different parasite and
pathogen infections. It has been demonstrated that the
level of host arginase represents a marker of resistence
or susceptibility to trypanosome infections™. Other stu-
dies have suggested that the induction of arginase may
represent an evolutionary escape mechanism ensuring
the survival of the pathogenmsﬂ. The production of
arginase by pathogens themselves can represent another
mechanism representing a strategy for bacterial survival™.
Conversely, high NO production during a strong immune
response would damage the cells and tissues of the host.
In this context, arginase can be considered a protective
factor for the host by its ability to lower NO production,
which can limit tissue damage or immunosuppressionm
This may also be the case with the down-regulation of
NO production during a strong xenograft reaction, when
arginase can limit NO production and thus protect the
host tissues from damage by high NO secretion. There-
fore, Th2 cytokines stimulating arginase activity in these
situations may represent a self-protective mechanism
saving the body’s own cells from harmful effects of high
concentrations of NO.

IMMUNOREGULATORY EFFECTS OF
INDOLEAMINE-2,3-DIOXYGENASE

Indoleamine-2,3-dioxygenase (IDO) is an intracellular en-
zyme that regulates the initial rate-limiting step in trypto-
phan degradation along the kynurenine pathway[541. IDO
is expressed in various tissues and its expression is in-
duced by IFN-y and other proinflammatory cytokines®™.
The enzymatic activity of IDO regulates the bioavailabil-
ity of tryptophan for a cell, and the starvation of trypto-
phan by its consumption by IDO results in an inhibition
of T cell proliferation and activation. In addition, the low
molecular weight products of tryptophan metabolism,

such as kynurenine detivates and O: free radicales, inhibit
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T cell proliferation and functions”™”". The activity of
IDO was suggested as a mechanism of the immunosup-
pressive action of tolerogenic dendritic cells and the sup-
pression mediated by bone marrow-derived mesenchymal
stem cells®™ ). The inhibition of T cell function through
tryptophan metabolism and the effects of tryptophan
starvation by IDO consumption thus appear as another
mechanism involved in the suppression, in a cytokine-
dependent manner, of transplantation and other immune
reactions™. The results indicate that tryptophan is anoth-
er substrate, similarly as L-arginin, whose concentrations
and bioavailability regulate immune reactions and thus
can be one of the molecular mechanisms participating in
the state of transplantation tolerance.

FINAL CONSIDERATION: ARE “COMMON
SMALL"” MOLECULES THE ULTIMATE
PLAYERS IN THE EFFECTOR AND
REGULATORY FUNCTIONS IN THE
IMMUNE SYSTEM?

This review suggests that cytokine-induced enzymes,
such as NOS, arginase and IDO, and their substrates and
products (L-arginine, tryptophan, NO) strongly influence
the expression of the cytotoxic effector functions of the
immune system. This suggestion is supported by the elu-
cidation of the molecular mechanisms of immunoregu-
lation. An important role in the downregulation of the
immune system is played by CD4'CD25" T cells, which
inhibit the proliferation and cytokine production of other
immunocompetent cells®". The development and func-
tioning of these T cells are associated with the expression
of the forkhead box P3 transcritional factor (Foxp3)***.
It has been suggested that Foxp3 activates the expres-
sion of the gene for heme oxygenase-1 (HO-1)*". HO-1
catalyzes the degradation of heme and this reaction
results in the liberation of equimolar amounts of iron,
CO and biliverdin. Since CO has been shown to exert
antiproliferative effects® and can block IL.-2 produc-
tion™ this small molecule can be the ultimate effector of
T cell-mediated immunosuppressionw. Indeed, blocking
HO-1 in CD25'CD4" T cells abrogated their suppressor
function®”. In addition, Oh ¢ @/ demonstrated that the
upregulation of HO-1 expression can block the expres-
sion of iINOS and NO production, and that CO was
responsible for this suppression. Thus, CO produced by
the activity of HO-1 expressed in T cells at the site of a
tolerated graft can contribute to the suppression of iINOS
expression, silencing NO production and to the protec-
tion of the graft from the toxic effects of NO.

In summary, the recent data suggest that common
molecules, such as NOS,; arginase, IDO and HO-1, and
their substrates or products, such as L-arginine, trypto-
phan, NO and CO, are the ultimate players mediating
immunoregulatory and effector functions of the immune
system.
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Abstract

Massively parallel sequencing (MPS), alias next-gen-
eration sequencing, is making its way from research
laboratories into applied sciences and clinics. MPS is a
framework of experimental procedures which offer pos-
sibilities for genome research and genetics which could
only be dreamed of until around 2005 when these
technologies became available. Sequencing of a tran-
scriptome, exome, even entire genomes is now pos-
sible within a time frame and precision that we could
only hope for 10 years ago. Linking other experimental
procedures with MPS enables researchers to study sec-
ondary DNA modifications across the entire genome,
and protein binding sites, to name a few applications.
How the advancements of sequencing technologies can
contribute to transplantation science is subject of this
discussion: immediate applications are in graft match-
ing via human leucocyte antigen sequencing, as part of
systems biology approaches which shed light on gene
expression processes during immune response, as
biomarkers of graft rejection, and to explore changes
of microbiomes as a result of transplantation. Of con-
siderable importance is the socio-ethical aspect of data
ownership, privacy, informed consent, and result report
to the study participant. While the technology is ad-
vancing rapidly, legislation is lagging behind due to the
globalisation of data requisition, banking and sharing.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Despite the great excitement about the op-
portunities that massively parallel sequencing (MPS)
bears for the promotion of, e.g., transplant science,
personalized medicine faces the challenge to guarantee
privacy of data and findings. Here, some applications of
MPS in transplant science are mentioned, and concerns
and challenges in data analysis and management are
discussed.

Scherer A. Clinical and ethical considerations of massively
parallel sequencing in transplantation science?. World J Trans-
plant 2013; 3(4): 62-67 Available from: URL: http://www.
wjgnet.com/2220-3230/full/v3/i4/62.htm DOI: http://dx.doi.
org/10.5500/wjt.v3.i4.62

MASSIVELY PARALLEL SEQUENCING

Massively parallel sequencing (MPS) is an alias of the
probably more popular term next-generation sequenc-
ing (NGS). In this article the term NGS will be avoided
for the simple reason that “N” is a relative term in
matter of time. If Sanger’s and Maxam and Gilbert’
s ground breaking inventions of DNA sequencing
in 1974 is counted as the first generation, then the
automation of Sanger’s method could be considered
the next or second generation. Further, the next step
which in 2005 lead to the development of machines
which were able to sequence millions of fragments of
DNA simultaneously would certainly have to be called
the next-next-generation or third generationm. And the
next generation of technological improvement is on
its way: the 4" generation of sequencing methodology
will utilize entire strands of DNA without the need
of fragmentation, and will become cheaper, and more
precise, and simpler to handle bioinformatically. In
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order to avoid counting generations of technological
advancement, the term MPS, or MPS for short, seems
more applicable and will be used herein.

A variety of technical approaches to MPS exist, all
of them have been reviewed in detail (for an excellent
overview please see, e.g.”. Briefly, the general principle
relies on (1) the fragmentation of DNA/RNA, option-
ally followed by fragment size selection; (2) amplification
of the fragments; and (3) sequencing of the fragments.
Currently, the length of those sequences can be up to
800 bp, depending on the vendor. As the fragmentation
step generates random breakpoints in the DNA back-
bone, so will the sequenced fragments in Step 3 be at a
random position of the DNA or RNA. This is where the
individual small pieces of sequence information will have
to be bioinformatically stitched together, “assembled”,
being a challenge to which there are plenty of approaches
with slightly different quality, depending on the analysis
pipeline of choice.

The applications of MPS are overwhelming and of-
fer never seen before opportunities to study genomes,
exomes, transcriptomes, and chromosomal rearrange-
ments and secondary modifications like methylation of
DNA and alkylation of RNA. Through its unbiased tem-
plate-free approach, it is now also possible to sequence
DNA and RNA of novel species in de novo assembly
analyses and thus accelerate discovery of, e.g., ontological
relationshipsm, and even discover novel RNA speciesm.
Input amounts in the low ng-range for some MPS ap-
plications make it possible to study biological samples in
a detail which could not have been envisioned before®.
MPS has found its way to the analysis of single eukary-
otic cells or even cell-free DNA in blood samples, ¢.g. for

. . . L6
non-invasive prenatal dlagnosls”.

PERSONALIZED TREATMENT

Following transplantation, drug treatment must be care-

fully adjusted to prevent rejection. Drug metabolism is
influenced by a large variety of factors such as age, gen-
der, disease, dose, drug-drug interaction, and metabolic
competence. Differences in the genotype (polymor-
phisms) can be linked with altered drug metabolism in
transplant patients. Tacrolimus for example is primarily
metabolized via the CYP450 enzymes. Non-expressors of
CYP3A5 metabolize the drug slower than others, hence
requiring lower doses than normal expressorsm. Similarly,
in conjunction with age as variant, polymorphisms in
the transporter ABCB1 can determine the bioavailability
of cyclosporine and mycophenolate mofetil®. Another
example which illustrates the importance of studying
genetic polymorphisms to optimize personal treatment
is the occurrence of hypertension after transplantation.
In genome-wide association studies polymorphisms have
been identified in a number of genes affecting hyperten-
sion (e,g."). For overviews of the field please see the recent
reviews of D’Alessandro ¢z @/ and of Kurzawski ez al'".
As these examples and other studies, which cannot be
discussed here for space limitation, show, the individual
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landscapes of polymorphisms in patients need to be as-
sessed to optimize treatment efficacy. Sequencing of
genes with standard methods is time-consuming and can
deliver ambiguous. MPS technology can be used to study
exomes of patients through targeted sequencing of can-
didate genes and determine polymorphisms which may
affect treatment. However, MPS does not always deliver
unambiguous results either due to sequence coverage dif-
ferences and DNA sequence specifics such as guanine-
cytosine (GC) content or homopolymers which cannot
always be resolved by current MPS technologies alone.
At times, one may need to verify the results by alternative
technologies to obtain further sequence information.

HUMAN LEUCOCYTE ANTIGEN

MATCHING

Alleles of the human leucocyte antigen (HIL.A) genes
are commonly used for organ and bone marrow match-
ing prior to transplantation. Humans vary widely in the
composition of antigens arising from alleles of those six
HI A genes (A, B, C, DR, DO, DP). Detection of foreign
HLA antigens by the host can lead to strong antibody
mediated reactions, thus they can be considered impor-
tant mediators of immune response. During the graft

selection process, it is therefore essential to detect donot-
host HLA mismatches, a process commonly performed
by Sanger sequencing of the HLA locus. While Sanger
sequencing certainly has its merits, technical limitations
such as relatively high sequence inaccuracy resulting in
sequence ambiguity due to highly polymorphic DNA
regions, and limited sequence coverage in a single experi-
ment (only a small number of exons is sequenced sys-
tematically, and some important polymorphisms may be
located outside the sequenced regions) may make another
round of experimental verification necessary in many
cases. With ever decreasing costs, MPS has the potential
to deliver high-quality sequence data which cover a large
proportion of the entire HLA locus'*"7,

IMMUNE SYSTEM

MPS can be applied to many aspects of biological re-
search in the transplantation arena. Exon arrays and

RNA sequencing was applied to address the question
whether alternative splicing takes place during immune
response post-transplant. The group of Grigoryev ez al™
purified human CD2(+) T or CD19(+) B cells, activated
them to model early post-transplant immune events and
continued to sample from those cell pools over time.
Indeed they wete able to show that these two cell popula-
tions not only regulate gene expression following i vitro
stimuli, but also regulate exon usage to generate alterna-
tive panels of transcripts which may contribute to the bi-
ological pattern of immune response. MPS now permits
devising experiments which aim at studying the methyla-
tion status of DNA of T cells and B cells before, during
and after immune response, eg., graft rejection. Methyla-
tion of promoter regions plays an important role in gene

December 24, 2013 | Volume 3 | Issue4 |



Scherer A. Massively parallel sequencing in transplant science

regulation“s]. Changes of the methylation status of genes
during immune response during and after treatment
hence may give clues about how the expression of genes
is regulated, for example in combination with DNA-
protein motif discovery. For excellent overviews of MPS
methods for the investigation of epigenetic modifications
of DNA and RNA, please e

METAGENOMICS

16S tRNA pyrosequencing is a variety of MPS used to
selectively sequence the highly variable 16S rRINA regions
of bacterial genomes, thus providing qualitative and
quantitative genus and species information of bacteria
present in a sample"®, The group of Diaz e a/'” used 16S
rRNA pyrosequencing to study the bacteriome of the hu-
man oral cavity after transplantation. They demonstrated
a shift in the composition of the microbiome of the oral
cavity during immunosuppression following transplanta-
tion""”, The authors speculate that immunosuppression
may create an environment in the oral cavity which could
be more permissive for opportunistic pathogens.

A number of groups have focused on characteriz-
ing the microbiome of alveolar fluid in relation to lung
transplantation. For instance, Borewizc ef al™ have ap-
plied 16S rRNA pyrosequencing to study the human lung
microbiome after lung transplantation. The authors com-
piled sequencing data from 12 bronchoalveolar lavage
fluid samples from four patients over three time points,
two additional samples from healthy, non-transplanted
individuals served as controls. Interestingly they found
that the microbial diversity increased after transplanta-
tion, and that the dominating phyla after transplantation
were different from those in healthy lungs. The authors
suggest to follow those results under the aspect of the
bronchiolitis obliterans syndrome, which is a marker of
chronic lung transplant rejection[zﬂ

DIAGNOSIS

In 2012, Wen e¢f a/” demonstrated that the number of
circulating endothelial cells (CECs) increased in whole
blood of renal transplant patients undergoing acute
rejection, acute tubular necrosis, and chronic allograft
nephropathy, when compared to control samples. CEC
count decreased after immunosuppressive therapy. The
authors attributed the increased CEC count to injury of
vessel endothelium in conjunction with endarteritis, and
conclude that monitoring CEC numbers can be used as
minimally invasive tool to diagnose or prognose poor
short-term outcome of renal allografts. Technically, it is
not farfetched to design scenarios in which MPS tech-
nologies could be applied to monitor the number of
CECs in whole blood samples. Whole genome sequenc-
ing would not be necessary; an exon-capture set specific
for exons of endothelial genes would suffice for qualita-
tive measurement of CECs. On the quantitative side read
numbers would have to be normalized against a set of
stably expressed genes, identification of which can be
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challenging, as seen in the microarray arena.

Certainly, similar to other conventional approaches
such as microarrays, MPS can be used to develop bio-
markers of rejection or tolerance. Despite striving to iden-
tify the best matching grafts for hosts, the best matches
are not always tolerated. The reason for tolerance, or lack
thereof, may be found not within coding region of the
HILA, but possibly in surrounding (introns, promoters) or
even distant genomic areas. With ever decreasing costs of
MPS it will soon be possible to sequence not only exons
or exomes in a larger scale than possible or affordable
today, but entire genomes. As is the case in other research
disciplines it will be necessary to gather genomic sequence
information from a sufficient number of individuals to
draw significant conclusions. This is the case for mutation
analysis [e.g., single nucleotide polymorphisms (SNP)],
as well as the analysis of secondary modifications such
as methylation when certain biological conditions are
compared. Research will see a steady growth of available
sequence information which will contribute to discovery
and qualification of biomarkers and elucidation of bio-
logical processes for the benefit of patients.

BIOINFORMATICS CHALLENGES

There are now many MPS-approaches to sequencing
DNA, which will continue to reduce speed and cost of
sequencing, When in 2000, still in the pre-MPS era, the
drafts of a human genome sequence were published, one

would not have thought that already 13 years on, the cost
for this undertaking would come down from around $3B
to around $5-10K, and the sequencing and analysis time
would shrink from 10 years “for a rough working draft”
to around 3-4 wk on the average for a complete version.
However, decreased sequence raw data generation time
and costs mean huge challenges for IT in terms of data
storage and transfer of the huge raw data files which can
be in the TB range per run, and for bioinformatics data
analysis capacities, including quality control, alighment,
assembly, annotation, and statistical analysis. No longer is
the data generation process the experimental bottleneck,
but the analytical side of things. In fact, as Sboner ez al®
phrase it, there is an “unpredictable amount of extra
‘human’ time” which is required for the identification of
the best analysis pipelines, software installation, ez Like
in the early days of microarrays experts argue about the
approaches to data processing. This leads to an amount
of approaches which can be even overwhelming for
bioinformaticians themselves (if they would admit it):
What is the most precise, fastest, aligner, assembler, not-
malization method, algorithm to identify SNPs, statistics
for differentially expressed genes, differentially methyl-
ated sites, e/2.? Some methods are listed in'. Evaluating
which analysis pipeline suits best to which problem and
to which IT environment is challenging and time con-
suming. The final step, the interpretation of the results,
is yet another “unknown” time factor which can rarely
be done automatically, but requires human intervention.
In the end one needs to understand that sequencing
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cannot in every case provide an immediate answer to
all scientific questions. Just like in all other comparative
experiments which we have become familiar with over
the years, the first step in experiments involving MPS is
sampling. Sampling means that individuals are selected
which represent the entire group of individuals we are
interested in, a process which can be attempted in a
variety of statistical approaches of experimental study
design, such as randomization, blocking, and randomiza-
tion””, Many sequencing applications do not omit the
need for biological replicates, a cost-factor which needs
to be considered in the planning phase. Certainly this is
true for transcriptome analysis, differential methylation
analysis, but also for genome-wide association studies
(GWAS). The latter will benefit dramatically from the
increased precision and availability of whole genome in-
formation in the near future, contributing to the growing
number of lead mutations in diseases (for an overview
of GWAS studies, www.genome.gov/GWAstudies).
MPS will allow the discovery of rare variants where
commonly used SNP arrays will have to fail. Certainly,
there are settings where one sample will suffice. These
are occasions in which individual information about a
genome is investigated, e.g., in cancer-genomics or in rare
diseases. This brings our discussion to the aspect of per-
sonalized medicine and MPS.

DATA MANAGEMENT AND PRIVACY

Decreasing costs and increasing availability of resources
will make MPS a tool for medical research and clinical
care. However, routine genome sequencing for patient

care brings along important socio-ethical and legal rami-
fications which are heavily discussed. Crucial concerns
arise around patient information to obtain informed con-
sent, data protection and patient privacy protection, data
ownership, third-party use, use of incidental findings, and
how such (incidental) findings are disclosed to the pa-

. 25-27
tient, to name a few'

I On the other hand, sequencing
data can be used for a whole range of scientific and clini-
cal applications, becoming accessible viz databases across
nations. Sequence data can be used e¢g. for trait analysis,
phylogenetic testing, and expression analysis, bringing
along a wide range of possible findings which is difficult
to estimate at the time of sampling. Hence, to obtain
informed consent from a patient the extent of consent
has to be fairly thorough, which may cause frustration
and possibly unwillingness to consent, additionally
posing risks of study bias due to social background.
McGuite e al™ proposed a tiered consent process with
three levels, from intended release of data information
on multiple gene loci, to single gene loci, to releasing no
data. Sample donors would have to be educated about
the risks and benefits of the foreseen use of their data.
Data access would have to be restricted according to the
intended use at the beginning of the study. Reconsidera-
tion of study purposes may enforce re-consenting,

If genomic information is released though, is it pos-
sible to fully protect the privacy of sequencing data?
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Already in the pre-MPS era of 2004, Malin and his team
showed that it was possible to link genomic data to
named individuals in publicly available records by lever-
aging unique features in patient-location visit patterns[z()].
With the growth of genome sequence databases it should
be possible to identify individuals based on their DNA
sequence (eg. SNP pattern), provided a template is pres-
ent. In 2004, Lin e ai™” published it was possible to de-
identify a person by interrogating just 75 SNPs, not many
when taking into consideration that SNP databases of
human genomes contain hundreds of thousands per
genome. Not only the patient’s but also the relatives’ pri-
vacy is affected, but may be affected. This has large impli-
cations not only on research, but even more importantly
on health care systems and national databases. The goal
of the Health Insurance Portability and Accountability
Act of 1996 is to protect genomic data as personal health
information (http://www.hhs.gov/oct/ptivacy).

The extent of result disclosure poses another issue.
How much does a patient need to learn about the results,
especially incidental findings, which were not part of the
original study. What are results and who is interpreting
them? As Sharp pointed out in a detailed discussion™",
the amount of data and potential findings with all their
false positives and negatives, is equally overwhelming
for the practitioner as it will be for the study participant.
Many mutations may be harmless, and a result-interpre-
tation may again be interpreted as a result by a study par-
ticipant”!,

These are only a few critical concerns that have to be
addressed urgently. The scientific community needs to
ensure that the legal and ethical framework which makes
social discrimination based on genetic information im-
possible is appropriate for the developing technology.
International databases and cloud computing impose
the necessity of international legislation which puts the
patient rights first. By ensuring privacy protection, study
participation has a chance to be beneficial for the indi-
vidual, not a potential risk for social exclusion.

OUTLOOK

Over the next years prices per sequenced nucleotide

will continue to fall, sequencing machines will become
smaller, cheaper and easier to use, eventually making ge-
nomic sequencing a standard tool in research and clinics.
Despite growing databases, MPS data interpretation will
remain a challenge. The legal and ethical frameworks for
using MPS data need to be defined on an international
level, granting respect to sample-providing individuals as
well as the research goals of scientists and clinicians. In-
ternational consortia need to address the possibility that
the current speed of genome research may outrun the
pace of legal regulation, and impose adjustments.

REFERENCES

1 Margulies M, Egholm M, Altman WE, Attiya S, Bader JS,
Bemben LA, Berka ], Braverman MS, Chen Y], Chen Z,

December 24, 2013 | Volume 3 | Issue4 |



10

11

12

Scherer A. Massively parallel sequencing in transplant science

Dewell SB, Du L, Fierro JM, Gomes XV, Godwin BC, He
W, Helgesen S, Ho CH, Irzyk GP, Jando SC, Alenquer ML,
Jarvie TP, Jirage KB, Kim JB, Knight JR, Lanza JR, Leamon
JH, Lefkowitz SM, Lei M, Li ], Lohman KL, Lu H, Makhijani
VB, McDade KE, McKenna MP, Myers EW, Nickerson E,
Nobile JR, Plant R, Puc BP, Ronan MT, Roth GT, Sarkis G]J,
Simons JF, Simpson JW, Srinivasan M, Tartaro KR, Tomasz
A, Vogt KA, Volkmer GA, Wang SH, Wang Y, Weiner MP,
Yu P, Begley RF, Rothberg JM. Genome sequencing in micro-
fabricated high-density picolitre reactors. Nature 2005; 437:
376-380 [PMID: 16056220 DOI: 10.1038 / nature03959]

Xuan J, Yu Y, Qing T, Guo L, Shi L. Next-generation se-
quencing in the clinic: Promises and challenges. Cancer
Lett 2013; 340: 284-295 [PMID: 23174106 DOI: 10.1016/
j.canlet.2012.11.025]

Wang M, Ye Y, Tang H. A de Bruijn graph approach to the
quantification of closely-related genomes in a microbial
community. ] Comput Biol 2012; 19: 814-825 [PMID: 22697249
DOI: 10.1089/cmb.2012.0058]

Martens-Uzunova ES, Olvedy M, Jenster G. Beyond mi-
croRNA - Novel RNAs derived from small non-coding RNA
and their implication in cancer. Cancer Lett 2013; 340: 201-211
[PMID: 23376637 DOI: 10.1016/j.canlet.2012.11.058]
Sengupta S, Ruotti V, Bolin ], Elwell A, Hernandez A,
Thomson J, Stewart R. Highly consistent, fully represen-
tative mRNA-Seq libraries from ten nanograms of total
RNA. Biotechniques 2010; 49: 898-904 [PMID: 21143212 DOI:
10.2144/000113556]

Nepomnyashchaya YN, Artemov AV, Roumiantsev SA,
Roumyantsev AG, Zhavoronkov A. Non-invasive prenatal
diagnostics of aneuploidy using next-generation DNA se-
quencing technologies, and clinical considerations. Clin Chem
Lab Med 2013; 51: 1141-1154 [PMID: 23023923 DOI: 10.1515/
cclm-2012-0281]

MacPhee IA, Fredericks S, Tai T, Syrris P, Carter ND, John-
ston A, Goldberg L, Holt DW. The influence of pharmacoge-
netics on the time to achieve target tacrolimus concentrations
after kidney transplantation. Am | Transplant 2004; 4: 914-919
[PMID: 15147425 DOI: 10.1111/}.1600-6143.2004.00435.x]
Fanta S, Niemi M, Jonsson S, Karlsson MO, Holmberg C,
Neuvonen PJ, Hoppu K, Backman JT. Pharmacogenet-
ics of cyclosporine in children suggests an age-dependent
influence of ABCB1 polymorphisms. Pharmacogenet Ge-
nomics 2008; 18: 77-90 [PMID: 18192894 DOI: 10.1097/
FPC.0b013e3282f3ef72]

Levy D, Ehret GB, Rice K, Verwoert GC, Launer L], Deh-
ghan A, Glazer NL, Morrison AC, Johnson AD, Aspelund T,
Aulchenko Y, Lumley T, Kéttgen A, Vasan RS, Rivadeneira F,
Eiriksdottir G, Guo X, Arking DE, Mitchell GF, Mattace-Raso
FU, Smith AV, Taylor K, Scharpf RB, Hwang SJ, Sijbrands EJ,
Bis ], Harris TB, Ganesh SK, O’'Donnell CJ, Hofman A, Rotter
JI, Coresh ], Benjamin EJ, Uitterlinden AG, Heiss G, Fox CS,
Witteman JC, Boerwinkle E, Wang TJ, Gudnason V, Larson
MG, Chakravarti A, Psaty BM, van Duijn CM. Genome-wide
association study of blood pressure and hypertension. Nat
Genet 2009; 41: 677-687 [PMID: 19430479 DOI: 10.1038/
ng.384]

D’Alessandro LCA, Mital S. Pediatric tranplantion: oppor-
tunities for pharmacogenomics and genomics. PERS MED
2013; 10: 397-404

Kurzawski M, Drozdzik M. Pharmacogenetics in solid organ
transplantation: genes involved in mechanism of action and
pharmacokinetics of immunosuppressive drugs. Pharmacoge-
nomics 2013; 14: 1099-1118 [PMID: 23837483 DOI: 10.2217/
pgs.13.89]

De Santis D, Dinauer D, Duke ], Erlich HA, Holcomb CL,
Lind C, Mackiewicz K, Monos D, Moudgil A, Norman
P, Parham P, Sasson A, Allcock R]J. 16(th) IHIW : review
of HLA typing by NGS. Int | Immunogenet 2013; 40: 72-76
[PMID: 23302098 DOI: 10.1111/1ji.12024]

K

Gz
Raishideng®

WIT | www.wjgnet.com

66

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Erlich RL, Jia X, Anderson S, Banks E, Gao X, Carrington
M, Gupta N, DePristo MA, Henn MR, Lennon NJ, de Bak-
ker PI. Next-generation sequencing for HLA typing of class
I loci. BMC Genomics 2011; 12: 42 [PMID: 21244689 DOI:
10.1186/1471-2164-12-42]

Grigoryev YA, Kurian SM, Nakorchevskiy AA, Burke JP,
Campbell D, Head SR, Deng J, Kantor AB, Yates JR, Salo-
mon DR. Genome-wide analysis of immune activation in
human T and B cells reveals distinct classes of alternatively
spliced genes. PLoS One 2009; 4: €7906 [PMID: 19936255 DOI:
10.1371/journal.pone.0007906]

Sibbritt T, Patel HR, Preiss T. Mapping and significance of
the mRNA methylome. Wiley Interdiscip Rev RNA 2013; 4:
397-422 [PMID: 23681756 DOI: 10.1002/wrna.1166]

Ku CS, Naidoo N, Wu M, Soong R. Studying the epigenome
using next generation sequencing. ] Med Genet 2011; 48:
721-730 [PMID: 21825079 DOI: 10.1136/jmedgen-
et-2011-100242]

Rodriguez BA, Frankhouser D, Murphy M, Trimarchi M,
Tam HH, Curfman J, Huang R, Chan MW, Lai HC, Parikh
D, Ball B, Schwind S, Blum W, Marcucci G, Yan P, Bund-
schuh R. Methods for high-throughput MethylCap-Seq
data analysis. BMC Genomics 2012; 13 Suppl 6: S14 [PMID:
23134780 DOI: 10.1186/1471-2164-13-S6-514]

Woese CR, Fox GE. Phylogenetic structure of the prokary-
otic domain: the primary kingdoms. Proc Natl Acad Sci U S
A 1977; 74: 5088-5090 [PMID: 270744]

Diaz PI, Hong BY, Frias-Lopez ], Dupuy AK, Angeloni M,
Abusleme L, Terzi E, Ioannidou E, Strausbaugh LD, Don-
gari-Bagtzoglou A. Transplantation-associated long-term im-
munosuppression promotes oral colonization by potentially
opportunistic pathogens without impacting other members
of the salivary bacteriome. Clin Vaccine Immunol 2013; 20:
920-930 [PMID: 23616410 DOI: 10.1128 / CVI1.00734-12]
Borewicz K, Pragman AA, Kim HB, Hertz M, Wendt C,
Isaacson RE. Longitudinal analysis of the lung microbiome
in lung transplantation. FEMS Microbiol Lett 2013; 339: 57-65
[PMID: 23173619 DOI: 10.1111/1574-6968.12053]

Jaramillo A, Fernandez FG, Kuo EY, Trulock EP, Patterson
GA, Mohanakumar T. Immune mechanisms in the patho-
genesis of bronchiolitis obliterans syndrome after lung
transplantation. Pediatr Transplant 2005; 9: 84-93 [PMID:
15667618 DOI: 10.1111/j.1399-3046.2004.00270.x]

Wen J, Chen ], Ji SM, Cheng D, Liu ZH. Evaluation of vascu-
lar lesions using circulating endothelial cells in renal trans-
plant patients. Clin Transplant 2012; 26: E344-E350 [PMID:
22515202 DOI: 10.1111/§.1399-0012.2012.01620.x]

Sboner A, Mu X]J, Greenbaum D, Auerbach RK, Gerstein
MB. The real cost of sequencing: higher than you think! Ge-
nome Biol 2011; 12: 125 [PMID: 21867570 DOI: 10.1186/
gb-2011-12-8-125]

Grass P. Experimental Design. In: Scherer A, editor Batch
Effects and Noise in Microarray Experiments: Sources and
Solutions: Wiley and Sons, 2009: 19-31

Greenbaum D, Sboner A, Mu X]J, Gerstein M. Genomics and
privacy: implications of the new reality of closed data for the
field. PLoS Comput Biol 2011; 7: €1002278 [PMID: 22144881
DOI: 10.1371/journal.pcbi.1002278]

Mathieu G, Groisman IJ, Godard B. Next generation se-
quencing in psychiatric research: what study participants
need to know about research findings. Int ] Neuropsychophar-
macol 2013; 16: 2119-2127 [PMID: 23725748 DOI: 10.1017/
51461145713000527]

Ong FS, Grody WW, Deignan JL. Privacy and data man-
agement in the era of massively parallel next-generation
sequencing. Expert Rev Mol Diagn 2011; 11: 457-459 [PMID:
21707452 DOI: 10.1586/ ERM.11.34]

McGuire AL, Gibbs RA. Genetics. No longer de-
identified. Science 2006; 312: 370-371 [PMID: 16627725 DOI:
10.1126/ science.1125339]

December 24, 2013 | Volume 3 | Issue4 |



Scherer A. Massively parallel sequencing in transplant science

29 Malin B, Sweeney L. How (not) to protect genomic data pri- and human subject privacy. Science 2004; 305: 183 [PMID:
vacy in a distributed network: using trail re-identification to 15247459 DOI: 10.1126/ science.1095019]
evaluate and design anonymity protection systems. | Biomed 31 Sharp RR. Downsizing genomic medicine: approaching the
Inform 2004; 37: 179-192 [PMID: 15196482 DOI: 10.1016/ ethical complexity of whole-genome sequencing by starting
jjbi.2004.04.005] small. Genet Med 2011; 13: 191-194 [PMID: 21311340 DOI:
30 Lin Z, Owen AB, Altman RB. Genetics. Genomic research 10.1097 / GIM.0b013e31820f603f]

P- Reviewers: Kelesidis T, Schuurman H]  S- Editor: Cui XM
L- Editor: A E- Editor: Yan JL

(49

3,,;15.‘,‘:,’.2.,,@ WJT | www.wjgnet.com 67 December 24, 2013 | Volume 3 | Issue4 |



wdJ7

World Journal of
Transplantation

Online Submissions: http:/ /www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.5500/ wjt.v3.i4.68

World | Transplant 2013 December 24; 3(4): 68-77
ISSN 2220-3230 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

REVIEW

Novel immunosuppressive agents in kidney transplantation

Karen L Hardinger, Daniel C Brennan

Karen L Hardinger, Department of Pharmacy Practice and Ad-
ministration, University of Missouri-Kansas City, Kansas City,
MO 64108, United States

Daniel C Brennan, Department of Medicine, Washington Uni-
versity School of Medicine in St. Louis, St. Louis, MO 63110,
United States

Author contributions: All authors have made substantial contri-
butions to conception and design, acquisition of data, or analysis
and interpretation of data, drafting the article or revising it criti-
cally for important intellectual content, and final approval of the
version to be published.

Correspondence to: Karen L Hardinger, PharmD, BCPS,
Clinical Associate Professor of Pharmacy Practice, Depart-
ment of Pharmacy Practice and Administration, University of
Missouri-Kansas City, 2464 Charlotte Street, Rm 2241, Kansas
City, MO 64108, United States. hardingerk@umkc.edu
Telephone: +1-816-2769023 Fax: +1-816-2764751
Received: June 28,2013 Revised: August 26,2013
Accepted: October 16, 2013

Published online: December 24, 2013

Abstract

Excellent outcomes have been achieved in the field of
renal transplantation. A significant reduction in acute
rejection has been attained at many renal transplant
centers using contemporary immunosuppressive, con-
sisting of an induction agent, a calcineurin inhibitor, an
antiproliferative agent plus or minus a corticosteroid.
Despite improvements with these regimens, chronic
allograft injury and adverse events still persist. The
perfect immunosuppressive regimen would limit or
eliminate calcineurin inhibitors and/or corticosteroid
toxicity while providing enhanced allograft outcomes.
Potential improvements to the calcineurin inhibitor
class include a prolonged release tacrolimus formula-
tion and voclosporin, a cyclosporine analog. Belatacept
has shown promise as an agent to replace calcineurin
inhibitors. A novel, fully-human anti-CD40 monoclonal
antibody, ASKP1240, is currently enrolling patients in
phase 2 trials with calcineurin minimization and avoid-
ance regimens. Another future goal of transplant im-
munosuppression is effective and safe treatment of
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allograft rejection. Novel treatments for antibody medi-
ated rejection include bortezomib and eculizumab. Sev-
eral investigational agents are no longer being pursed
in transplantation including the induction agents,
efalizumab and alefacept, and maintenance agents, so-
trastaurin and tofacitinib. The purpose of this review is
to consolidate the published evidence of the effective-
ness and safety of investigational immunosuppressive
agents in renal transplant recipients.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Review; Immunosuppression; Investiga-
tional agents; Renal/kidney transplant

Core tip: Many new agents are being studied that may
improve outcomes after renal transplantation. Potential
improvements to the calcineurin inhibitor class include
a recently Food and Drug Administration approved, pro-
longed release tacrolimus formulation and voclosporin,
a cyclosporine analog. A novel, fully-human anti-CD40
monoclonal antibody, ASKP1240, is currently enrolling
patients in phase 2 trials with calcineurin minimization
and avoidance regimens. Novel treatments for antibody
mediated rejection include bortezomib and eculizumab.

Hardinger KL, Brennan DC. Novel immunosuppressive agents
in kidney transplantation. World J Transplant 2013; 3(4): 68-77
Available from: URL: http://www.wjgnet.com/2220-3230/full/
v3/i4/68.htm DOI: http://dx.doi.org/10.5500/wjt.v3.i4.68

INTRODUCTION

Although significant advances in renal transplant immu-
nosuppression have occurred in the past decades, a vital
need to improve long-term survival remains. Currently,
immunologic causes of early graft failure have become
rare, yet late graft loss has remained virtually unchanged.
One of the most common causes for graft loss is chronic
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Table 1 Summary of investigational and available agents

Generic Brand FDA indication Company
Alefacept"” Amevive Treatment of moderate-to-severe chronic plaque psoriasis in adults who are candidates for Astellas
systemic therapy or phototherapy
Alemtuzumab’ Campath Treatment of B-CLL Berlex Laboratories
ASKP1240 Not FDA approved Astellas
Azathioprine Imuran Adjunctive therapy in prevention of rejection of kidney transplants; management of active ~ Generic manufac-
rheumatoid arthritis turers
Basiliximab Simulect Prevention of acute rejection in kidney transplantation Novartis
Belatacept Nulojix Prevention of acute rejection in renal transplant recipients Bristol-Myers-
Squibb
Bortezomib Velcade Treatment of multiple myeloma; treatment of relapsed or refractory mantle cell lymphoma  Millenium Pharma-
ceuticals
Cyclosporine Neoral Prevention of acute rejection in renal transplant recipients Novartis
Eculizumab Soliris Treatment of PNH to reduce hemolysis and aHUS Alexion Pharma-
ceuticals
Efalizumab"’ Raptiva Management of moderate to severe chronic plaque psoriasis in adults Genentech
Everolimus Afinitor, Zortress ~ Treatment of advanced renal cell cancer (Afinitor®); treatment of subependymal giant cell Novartis
astrocytom associated with tuberous sclerosis (Afinitor®); treatment of advanced, metastatic or
unresectable pancreatic neuroendocrine tumors (Afinitor®); prophylaxis of organ rejection in
patients at low-moderate immunologic risk receiving renal transplants (Zortress®)
Mycophenolate Cellcept Prophylaxis of organ rejection concomitantly with cyclosporine and corticosteroids in patients Genentech
Mofetil receiving allogeneic renal cardiac, or hepatic transplants
Mycophenolate Myfortic Prophylaxis of organ rejection concomitantly with cyclosporine and corticosteroids in patients Novartis
Sodium receiving allogeneic renal transplantation
Horse or Rabbit ~ Atgam or Thy- Treatment of corticosteroid resistant rejection in kidney transplantation Pfizer /Sanofi
anti-thymocyte moglobulin
Globulin
Rituximab Rituxan Treatment of CD20-positive non-Hodgkin’s lymphomas ; Treatment of moderately- to severe- Genentech
ly-active rheumatoid arthritis in adult patients with inadequate response to one or more TNF
antagonists; Treatment of Wegener’s granulomatosis; Treatment of microscopic polyangiitis
Sirolimus Rapamune Prevention of acute rejection in renal transplant recipients Pfizer
Sotrastaurin, Not FDA approved Novartis
AEB-0711
Tacrolimus Prograf Prevention of acute rejection in renal transplant recipients Astellas
Tacrolimus Pro- ~ Astragraf XL~ Preventing organ rejection in kidney transplant recipients, as combination therapy with myco- Astellas
longed Release phenolate mofetil and corticosteroids, with or without tasiliximab induction
Tolfacitinib' Xeljanz Treatment of moderate to severe rheumatoid arthritis Pfizer
Voclosporin Not FDA approved Isotechnika Pharma

'No longer being investigated for transplantation; *Withdrawn from United States Market. FDA: Food and Drug Administration; B-CLL: B-cell chronic

lymphocytic leukemia; PNH: Paroxysmal nocturnal hemoglobinuria; aHUS: Atypical hemolytic uremic syndrome.

allograft nephropathy. Additionally, significant drug
improvements in transplantation have come with the
expense of side effects. Many of these adverse events,
including new onset diabetes after transplant, dyslipid-
emia, and hypertension, may contribute to cardiovascular
related deaths after transplantation. The ideal immuno-
suppressive regimen would improve long-term outcomes
while minimizing exposure to drug toxicity and infection.

Induction agents are typically antibodies (anti-thy-
mocyte globulins) or interleukin 2 receptor antagonists
(basiliximab). Another induction agent, alemtuzumab has
been removed from the United States market, but is still
available through a special manufacturer program. The
five drug classes that currently comprise maintenance
regimens may include calcineurin inhibitors (cyclospo-
rine and tacrolimus), mTOR inhibitors (sirolimus and
everolimus), antiproliferative agents (azathioprine and
mycophenolic acid), costimulation blockers (belatacept)
and corticosteroids (Table 1). KDIGO Clinical Practice
Guidelines suggest that first-line agents should include
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basiliximab induction for low-risk patients and an anti-
thymocyte globulin for high-risk patients in conjunction
with maintenance immunosuppression including tacro-
limus and mycophenolatem. Potential improvements to
the calcineurin inhibitor class include a prolonged release
tacrolimus formulation and voclosporin, a cyclosporine
analog (Table 2). A novel, anti CD-40 molecule has com-
pleted phase 1 studies.

Another area for improvement is treatment of hu-
moral rejection. Historically, treatment has been diffi-
cult and not well studied. Humoral rejection is typically
treated with intravenous immunoglobulin, rituximab and
plasmapheresis. Investigational treatments for antibody
mediated rejection that will be discussed include bortezo-
mib and eculizumab.

In the past years, several clinical trials have been
unsuccessful and therefore many agents are no longer
being pursued for transplantation. These agents include
two inductions agents, efalizumab and alefacept, and two
maintenance agents, sotrastaurin (a protein kinase C in-
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Table 2 Non-Food and Drug Administration approved/

investigational agents and their mechanism

Drug name Mechanism of action
Induction
Efalizumab' Humanized antibody, CD11a/LFA-1
Alefacept1 Costimulation inhibitor, CD2 LFA3
Maintenance

Calcineurin inhibitor
Protein kinase C inhibitor
JAK 3 inhibitor

Voclosporin, ISA247
Sotrastaurin, AEB0711
Tofacitinib, CP-6905501

ASKP1240 Anti-CD40 monoclonal antibody
Treatment of Antibody
Medicated Rejection

Bortezomib Proteasome inhibitor

Eculizumab Monoclonal antibody, C5 complement protein

No longer being investigated for transplantation.

hibitor) and tofacitinib (a JAK 3 inhibitor). This review
article will update a previously published article found in
this journalm on the effectiveness and safety of novel im-
munosuppressive agents.

PREVENTATIVE AGENTS

Alternatives to currently available calcineurin inhibitors
Calcineurin inhibitors have revolutionized post-trans-
plantation immunosuppressive regimens by significantly
lowering acute rejections rates. Yet, long-term use of
these drugs has been associated with the development of
chronic allograft nephropathy and adverse events. New
immunosuppressive agents that eliminate these issues
are needed. Prolonged release tacrolimus (Astragraf
XL, Astellas) has been approved for use in various Eu-
ropean countries, Canada and the United States (in July
2013). The expectation is that the products once daily,
rather than twice daily, dosing will improve adherence in
transplant recipients. Large, randomized, phase 3 studies
have compared prolonged release-tacrolimus compared
to tacrolimus with similar efficacy and safety outcomes™",
Of note, tacrolimus levels may be slightly lower with pro-
longed release tacrolimus compared to twice daily tacro-
limus patientsﬁ’ﬂ, although serum creatinine, creatinine
clearance and estimated glomerular filtration rate were
very similar. Prolonged release tacrolimus has a non-infe-
rior efficacy profile with convenient daily dosing which is
expected to improve patient compliance. Drug cost may
influence the widespread use of this product as generic
tacrolimus formulations are now available.

A novel calcineurin inhibitor, voclosporin (ISA 247,
Isotechnika Pharma, Inc.) is being investigated in solid
organ transplant, uveitis, and psoriasis[&m. Animal studies
demonstrated that voclosporin, a cyclosporine analogue,
had a higher affinity and greater 7n-vivo potency”z’m.
PROMISE, a phase 2b trial of low risk renal transplant
recipients with immediate allograft function (#z = 334)
compared low (0.4 mg/kg), medium (0.6 mg/kg) and
high (0.8 mg/kg) dose voclosporin to tacrolimus (0.05
mg/kg), in combination with a standard immunosup-
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pressive regimen (anti-CD25 antibody, mycophenolate
mofetil, and corticosteroids). Rejection rates were non-in-
ferior to tacrolimus (11%, 9%, 2 %, and 6% respectively)
and renal function was clinically similar (69-72 mL/min)
at 6 mo after transplantation[sl. The incidence of new
onset diabetes after transplantation was significantly
lower in the low dose voclosporin group (1.6% w5 16.4%
tacrolimus), but not in the medium (5.7%) and high dose
(17.7%) arms". The major limitation of this trial was that
only low risk patients were studied. Low to medium dose
voclosporin may provide adequate immunosuppression
with a lower incidence of new onset diabetes after trans-
plantation. A large, phase 3 (# = 598) trial is planned for
2013.

Recently, pharmacokinetic data of voclosporin was
presented at the American Transplant Congress' . Re-
searchers have learned that voclosporin should be given
on an empty stomach and that dosage adjustment may be
needed in severe renal failure (< 30 mI./min) and mild to
moderate hepatic impairment' ', Optimal trough con-
centrations should be targeted between 35-60 ng/mL."".

Belatacept (Nulojix”, Bristol Myers Squibb) is a
second generation co-stimulation blocker (CD80 an-
tagonism) that received Food and Drug Administration
(FDA) approval for use in kidney transplantation in
June of 2011. Belatacept is contraindicated in patients
that are Ebstein-Barr virus seronegative, because of
high incidence of post-transplant lymphoproliferative
seen in clinical trials"”*?, Belatacept is administered as
a well-tolerated intravenous infusion over 30 min. The
recommended dosing is 10 mg/kg administered, ptior to
transplantation, on day 5, and at the end of weeks 2, 4,
8, and 12, then 5 mg/kg every 4 wk (plus or minus 3 d).
The chronic intravenous administration could prove ben-
eficial in increasing patient compliance with less frequent
(monthly) infusions. In contrast, it may be perceived as
a barrier to patients without social support that cannot
readily access an infusion center. Administration and drug
costs may also influence prescribing patterns and patient
compliance.

Belatacept is the first immunosuppressive to demon-
strate a renal benefit over a calcineurin inhibitor based
regimen**, One limitation of the early belatacept trials
(BENEFIT and BENEFIT-EXT) was that cyclospo-
rine, a less contemporary immunosuppressive, was uti-
lized" . In a phase 2, 1 year randomized study, belata-
cept/mycophenolate mofetil, belatacept/sirolimus and
tacrolimus/mycophenolate mofetil, in combination with
rabbit antithymocyte globulin and without corticosteroids
were compared (7 = 89, Acute rejection was highest in
the belatacept/mycophenolate mofetil arm, graft loss was
lowest in the tacrolimus/mycophenolate arm, and renal
function was improved in the belatacept arms.

As an alternative to de novo immunosuppression, a
conversion trial recently tested the hypothesis that be-
latacept-based regimens may provide a treatment option
in patients already being treated with calcineurin-based

. . . 24 . .
maintenance immunosuppression””, Patients with stable
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graft function (calculated glomerular filtration rate be-
tween 35-75 ml/min) were randomized to either switch
to belatacept (7 =84) or continue calcineurin inhibitor
treatment (7 = 89). Despite a higher acute rejection rate
in the belatacept group, the relative renal benefit of be-
latacept was observed in patients switched from either
cyclosporine (+7.8 mL/min) or tacrolimus (+8.9 mL/
min), and was observed regardless of baseline renal func-
tion. Patient survival, graft survival and the overall safety
profile was similar between groups.

The impact of belatacept on long-term cardiovascu-
lar profiles is yet to be determined. An analysis of the
pooled data from the BENEFIT AND BENEFIT-EXT
trials showed lower blood pressures, lower non HDL
cholesterol, lower triglycerides and less new onset diabe-
tes mellitus after transplanation in the belatacept-treated
patients versus the cyclosporine treated patients[zs]. Yet, in
a post-hoc analysis in patients with pre-existing diabetes
from the BENEFIT and BENEFIT-EXT, 12 mo patient
survival, graft survival, and renal function were similar
between belatacept and cyclosporine treated patientsp()].
Further trials are needed to explore the long-term out-
comes, the impact of Epstein-Barr virus on post-trans-
plant lymphoproliferative disease, and chronic allograft
nephropathy. These trials should include contemporary
Immunosuppressive regimens.

A fully human anti-CD40 monoclonal antibody,
ASKP1240 (Astellas®), has shown promise in phase 1
studies” ™. The first human, phase 1 study of healthy
subjects (# = 12) demonstrated that the antibody was
safe and well-tolerated™. Subsequently, a phase 1b trial,
was performed in de novo kidney transplant recipients that
received a single intravenous dose of 50 mg (# = 10), 100
mg (7 = 9), 200 mg (# = 10), 500 mg (» = 9) or placebo
(n = 8), no induction and standard maintenance immu-
nosuppression per each center’s protocol™. ASKP1240
exhibited non-linear pharmacokinetics and was well tol-
erated at all doses. Acute rejection occurred in 3 patients
in the 50 mg arm, 3 patients in the 500 mg arm and 1
patient in the placebo arm. The incidence of infection
was not dose dependent. A phase 2 trial will compare
the efficacy of ASKP1240 with calcineurin avoidance
(basiliximab induction, ASKP1240, mycophenolate
mofetil, and steroids) to the standard of care immuno-
suppressive regimen (basiliximab induction + tacrolimus
+ mycophenolate mofetil + steroids). In addition, the
study will compare the efficacy of calcineurin inhibitor
minimization-mycophenolate mofetil avoidance (basilix-
imab induction, ASKP1240, tacrolimus and steroids) to
the standard of care immunosuppressive regimen.

TREATMENT OF ANTIBODY MEDIATED
REJECTION

Antibody mediated rejection is an important cause of

acute and chronic graft failure. Acute and chronic anti-
body mediated rejections are difficult to treat, because
they are typically less responsive to conventional anti-
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rejection therapy. Treatment regimens for acute antibody
mediated rejection may include one or more of the fol-
lowing: plasmapheresis, intravenous immunoglobulin
(IVIG), and rituximab®™ ] although these regimens are
not well-studied. A recent meta-analysis of over 10000
citations on treatment of antibody-mediated rejection
concluded that data describing these treatments are of
low or very low quality”™. The first, prospective, random-
ized study comparing these strategies (plasmapheresis/
IVIG/tituximab »s IVIG alone) demonstrated improved
graft survival in the combination group™. Little guidance
is given by the KDIGO Clinical Practice Guidelines, they
suggest treating antibody-mediated acute rejection with
one or more of the following alternatives with or without
corticosteroids: plasma exchange; intravenous immu-
noglobulin; anti-CD20 antibody; lymphocyte-depleting
antibody (Grade 2C Recommendation)". Two investiga-
tional treatments for antibody mediated tejection include
bortezomib and eculizumab.

Bortezomib (Velcade®, Millenium Pharmaceuticals)
has been used for treatment of acute antibody mediated
rejection, although it is approved for multiple myeloma
in the United States (2010). It inhibits the degradation of
cell-cycle regulatory proteins resulting in cell-cycle death
via apoptosis. Bortezomib is metabolized via the cyto-
chrome P450 system, a major substrate of 2C19 and 3A4
and inhibitor of 2C19, and therefore several drug interac-
tions may occur including ketoconazole, clopidogrel, and
grapefruit juice. Adverse events associated with bortezo-
mib may include neutropenia, thrombocytopenia, nausea,
vomiting, diarrhea, constipation (up to 50%), peripheral
neuropathy (up to 30%), hypotension, QT prolongation,
heart failure, pneumonitis and pneumonia. One case
series of 52 transplant patients treated for antibody me-
diated rejection or desensitization reported bortezomib
associated toxicity to be low, most commonly reported
as manageable anemia or peripheral neuropathym. Dos-
ing of bortezomib is 1.3 mg/rn2 on days 1, 4, 8, 11. No
adjustments are necessaty for renal impairment, but the
dosage should be reduced by one-half for moderate to
severe hepatic impairment.

Case series have reported the use of bortezomib to
remove HLA antibodies in live-donor transplant recipi-
ents with HLA alloantibodies™*!! and to treat antibody
and cell-mediated acute rejectionm’s”. Few compara-
tive trials have been performed. One German, histori-
cal control study of 10 bortezomib-treated patients (4
doses of 1.3 mg/m?) s 9 rituximab-treated patients (one
fixed dose of 500 mg) with antibody mediated rejection
showed improved survival in the bortezomib treated
group with an 18 mo graft survival of 60% »s 11% in the
rituximab group™. All patients received plasmapheresis
and intravenous immune globulin (30 g). Randomized tri-
als are needed to determine the influence of bortezomib
on antibody removal.

Eculizumab (Soliris®, Alexion Pharmaceuticals) is
a humanized monoclonal IgG antibody that binds to
complement protein C5 and blocks the activation of ter-
minal complement. It is FDA approved for paroxysmal
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Table 3 Clinical trials

Agent Identifier Study name Start date
ASKP1240 NCT01780844 A Study to Assess the Efficacy and Safety of ASKP1240 in de Novo Kidney Trans-  February 2013
plant Recipients
Voclosporin NCT01586845 Safety and Efficacy Study of Voclosporin and Tacrolimus in Transplantation March 2013
Prolonged Release = NCT01294020  Study to Compare the Pharmacokinetics of Tacrolimus in Stable Pediatric Allograft May 2011
Tacrolimus Recipients Converted From Prograf® to Advagraf®
Bortezomib NCT01873157  Bortezomib in Late Antibody-mediated Kidney Transplant Rejection (BORTEJECT)  October 2013
NCT01349595 Impact of Proteasome Inhibition on Anti-Donor HLA Antibody Production After =~ December 2011
Kidney Transplantation
NCT01842074 Desensitization With Bortezomib Before a Living Kidney Donation (VELDON) January 2013
NCT01502267 Desensitization Protocol for Highly Sensitized Patients on the Waiting List for Kidney  January 2010
Transplant
NCT00722722 The Impact of Velcade on Antibody Secreting Cells in Sensitized Renal Allograft June 2008
Candidates
Eculizumab NCT01349595 Impact of Proteasome Inhibition on Anti-Donor HLA Antibody Production After =~ December 2011
Kidney Transplantation
NCT01327573  Eculizumab Therapy for Chronic Complement-Mediated Injury in Kidney Transplan- ~ March 2011
tation
NCT01095887  Eculizumab Added to Conventional Treatment in the Prevention of Antibody-medi- ~ March 2010
ated Rejection in ABO Blood Group Incompatible Living Donor Kidney Transplanta-
tion (ABOi)
NCT01403389 A Study of the Activity of Eculizumab for Prevention of Delayed Graft Function In August 2011
Deceased Donor Kidney Transplant
NCT01567085  Safety and Efficacy Of Eculizumab In The Prevention Of Antibody Mediated Rejec- May 2012
tion (AMR) In Sensitized Recipients Of A Kidney Transplant From A Deceased Donor
NCT01106027 Dosing Regimen of Eculizumab Added to Conventional Treatment in Positive Cross- ~ March 2010
match Deceased Donor Kidney Transplant
NCT01399593  Safety and Efficacy of Eculizumab to Prevent AMR in Living Donor Kidney Trans- ~ September 2011

plant Recipients Requiring Desensitization

nocturnal hemoglobinuria and atypical hemolytic uremic
syndrome. The most common side effects are headache,
nausea, fatigue, back pain, cough and nasopharyngitis. Fa-
tal immune hemolytic anemia following allogeneic stem
cell transplantation has been reportedm]. Vaccination with
meningococcal vaccine at least 2 wk prior to initiation of
treatment with continued long-term prophylaxis is rec-
ommended. Eculizumab should not be used in patients
with setious infections.

Case studies in renal transplant recipients have re-
ported successful treatment of atypical hemolytic ure-
mic syndrome and thrombotic microangiopathy with
eculizumab® . Eculizumab has also been successful in
reducing antibodies in a highly sensitized patient with
positive crossmatches prior to live donor transplant'®’
and in prevention of antibody mediated rejection in a
case series of patients with donor specific antibodies and
positive flow cytometry cross-matches (#» = 4)*. In
larger case-control study, patients with donor specific an-
tibodies who received pre-transplant plasmapheresis and
post-transplant eculizumab were compared to historical
controls™. At 2 median follow up of 12 mo for the ecu-
lizumab group, antibody mediated rejection occurred in
7.7 % (2/26) in the eculizumab group compared to 41%
(21/51) in the control group (P < 0.01). One-year pro-
tocol biopsy revealed transplant glomerulopathy in 6.7%
(1/15) eculizumab-treated recipients and in 35.7% (15/42)
of control patients (P = 0.044). Eculizumab use has also
been described in an ABO-incompatible deceased-donor
kidney and pancreas transplant with a severe antibody-
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mediated rejection™,

Eculizumab 600 mg weekly for six doses with plasma-
pheresis has also been successful in reversing refractory,
eatly (mean time 6.5 d), acute antibody mediated rejection
in four transplant recipients’”. Mean follow up time is 6.4
t+ 5.7 mo, and while antibodies persisted in the majority
of the patients, the allografts are functioning and infec-
tious complications have not occurred. Successful use of
eculizumab has also been reported in two patients with
antibody mediated rejection associated with thrombotic
microangiopathym] and three patients with resistant anti-
body mediated rejection[74’75].

Despite the small sample size and lack of random-
ized controls, these studies are encouraging, and although
larger studies and long-term follow-up are needed, bort-
ezomib and eculizumab may play a major role in acute
antibody mediated therapy in the future. Their role in
transplant desensitization may be better elucidated as
more clinical data and well-designed clinical trials become
available. Current and future trials of bortezomib and
eculizumab are listed in Table 3.

AGENTS NO LONGER BEING
INVESTIGATED

Efalizumab (Raptiva®, Genentech) works an immunosup-
pressant by binding to the CD11a subunit of lymphocyte
function-associated antigen 1 (LFA-1) and inhibiting
white blood cell migration. This once weekly intramus-
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cular injection was indicated for the treatment of chronic
moderate-to-severe plaque psoriasis, but has been as-
sociated with an increased risk for progressive multifocal
leukoencephalopathy (PML) and was withdrawn from
the market in April of 2009, Likewise, clinical trials in
renal transplant recipients have not been successful due
to higher rates of lymphoproliferative disease™.

Alefacept (Amevive®, Astellas Pharmaceuticals) is a
CD2-LFA3 co-stimulation inhibitor ", was an intramus-
cular injection indicated for treatment of moderate-to-
severe chronic plague psoriasis. Alefacept was voluntarily
withdrawn from the market by Astellas Pharmaceuticals
in December of 2011 due to “business needs™™". Prior
to the discontinuation, alefacept was being developed
for use in conjunction with tacrolimus, mycophenolate
mofetil and steroids in renal transplantation. In a phase 2,
de novo study of adult kidney transplant patients alefacept
(vs placebo) resulted in similar survival and rejection rates,
however the incidence of malignancy was higher in the
alefacept arm™

Sotrastaurin (AEBO71, Novartis), a protein kinase in-
hibitor, initially proved to have a good tolerability profile
with few adverse effects™. Sotrastaurin development has
been halted due high rejection rates (up to 40%) in de novo
transplant recipients despite promising results with renal
function and a low toxicity proﬁlemgﬂ.

Tofacitinib (Xeljanz®, Tofacitinib CP-690550, Pfizer
Inc.), is a kinase inhibitor with immunosuppressant prop-
erties that was FDA approved for moderate to severe
theumatoid arthritis in November of 2012. Tofacitinib is
a small molecule agent which exhibits selective inhibition
for the JAKS, thus inactivating the JAKK/STAT dependent
IL-2 induced T-cell proliferation.

Tofacitinib was being studied as a drug to be used
in place of calcineurin inhibitors along with other anti-
metabolite agents in two phase 2 clinical trials. In a small,
initial, clinical study on de novo kidney allograft recipients
comparing a tofacitinib regimen at 15 mg twice daily
(CP15) and 30 mg twice daily (CP30) with tacrolimus,
researchers reported the 6-mo biopsy-proven acute rejec-
tion rates to be 1 of 20, 4 of 20 and 1 of 21 for CP15,
CP30 and tacrolimus groups respectively and concluded
the 15 mg bid regimen to be similar to the tacrolimus
regimen™. All patients received interleukin-2 receptor
antagonist induction, mycophenolic acid and cortico-
steroids. In a subsequent, larger phase-2 trial (» = 331),
a standard cyclosporine regimen was compared with a
15 mg twice daily regimen of tofacitinib which is subse-
quently switched to 10 mg twice daily after 3 mo (less-
intensive) and another 15 mg twice daily regimen of
tofacitinib which is switched to 10 mg twice daily after 6
mo (more-intensive)®”. The biopsy proven acute rejec-
tion at 6 mo with the low-dose group (11%) was lower
than the more-intensity or cyclosporine groups (7% and
9%, respectively). In terms of glomerular filtration rate at
12 mo, the tofacitinib groups (less-intensity: 65 mL./min
and more-intensity: 65 mL/min) showed a significant
difference in preservation of renal function compared to
the cyclospotine group (54 mL/min). In this study, there
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was a lower incidence of chronic allograft nephropathy in
the more intense and less intense groups (25% and 24%
respectively) compared to the cyclosporine group (48%).

The smaller clinical study reported a high incidence
of BK virus in the CP30 group (4/20) and a higher 6
mo rate of CMV disease (4/20) compared to CP15 and
tacrolimus (2/20 and 0/20 respectively)®. Some other
common abnormalities noted with this agent were trends
towards higher lipid elevations, anemia and neutropenia
during the first 6 mo of the treatment when the myco-
phenolate mofetil dose was high. In the larger, phase
2 trial, there were fewer cases of new-onset diabetes
in the more-intense and less-intense groups (9.9% and
9.3% respectively) compared to cyclosporine (20.8%)".
The rate of serious infections, BK virus nephritis, post-
transplant lymphoproliferative disorder and CMV disease
was higher in the tofacitinib groups. The overall findings
of the phase 2 studies suggest that tofacitinib is effec-
tive in preventing acute rejection and chronic allograft
nephropathy, although this was achieved at the expense
of hematological toxicity and over-immunosuppression
when used in combination with mycophenolate mofetil.
Although research has shown that safety may be im-
proved by concentration-controlled dosing™, tofacitinib
development has been discontinued.

CONCLUSION

Induction agents are typically antibodies (anti-thymocyte

globulins) or interleukin 2 receptor antagonists (basilix-
imab). Alemtuzumab has been removed from the United
States market, but is available through the manufacturer
through a special program. Many questions remain sur-
rounding the use of potent induction agents including
whether or not the use is associated with infection and
malignancy, if the use is cost-effective, and if there is a
true graft survival benefit. Due to poor clinical outcomes,
induction investigational agents including, efalizumab and
alefacept, are no longer being studied. Maintenance im-
munosuppressives may show some promise with future
novel agents. Prolonged release tacrolimus provides once
daily dosing of this product and hopefully will simplify
a complex post-transplant immunosuppressive regimen.
It is unknown if the perceived benefits will outweigh the
cost of this product. Voclosporin, a cyclospotine analog,
has not shown superior efficacy outcomes, but perhaps
improvement in the safety profile (namely new-onset
diabetes after transplant) will secure its place in transplant
immunotherapy as the phase 3 trials are underway. ASKP,
an anti-CD40 antibody, has successfully completed phase
1 studies and phase 2 trials are ongoing. Although belata-
cept has shown promise, two other investigational main-
tenance agents, sotrastaurin and tolfacitinib, will not be
studied further in transplantation.

Treatment regimens for acute humoral rejection may
include one or more of the following: plasmapheresis,
intravenous immunoglobulin, and rituximab. Investiga-
tions of bortezomib and eculizumab have been hindered
by small, non-randomized trials. Although results are
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encouraging, larger studies and long-term follow-up is
ongoing,

At this point in time, there are very few immunosup-

pressants in clinical trials. Although some investigational

agents have shown promise, tailoring available agents may
need to be the short-term focus for transplant recipients.
Hopefully, modifying exist regimens and approval of in-

vestigational agents will satisfy the ultimate goal of trans-

plantation to improve long-term survival without toxicity

or infection.
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Abstract

While life expectancy is greatly improved after a heart
transplant, survival is still limited, and compared to the
general population, the exercise capacity and health-
related quality of life of heart transplant recipients are
reduced. Increased exercise capacity is associated with
a better prognosis. However, although several stud-
ies have documented positive effects of exercise after
heart transplantation (HTx), little is known about the
type, frequency and intensity of exercise that provides
the greatest health benefits. Moreover, the long-term
effects of exercise on co-morbidities and survival are
also unclear. Exercise restrictions apply to patients with
a denervated heart, and for decades, it was believed
that the transplanted heart remained denervated.
This has since been largely disproved, but despite the
new knowledge, the exercise restrictions have largely
remained, and up-to-date guidelines on exercise pre-
scription after HTx do not exist. High-intensity, interval
based aerobic exercise has repeatedly been document-
ed to have superior positive effects and health benefits
compared to moderate exercise. This applies to both
healthy subjects as well as in several patient groups,
such as patients with metabolic syndrome, coronary
artery disease or heart failure. However, whether the
effects of this type of exercise are also applicable to
heart transplant populations has not yet been fully
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established. The purpose of this article is to give an
overview of the current knowledge about the exercise
capacity and effect of exercise among heart transplant
recipients and to discuss future exercise strategies.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Heart transplant; Exercise; Exercise capacity;
Muscle strength; Maximum oxygen uptake; Denervation;
Reinnervation; Cardiac allograft vasculopathy; Quality of life

Core tip: It is time to rethink exercise strategies among
heart transplant populations. Chronotropic incompe-
tence is not necessarily a factor that limits exercise
capacity in heart transplant recipients, and the exer-
cise restrictions that have traditionally been applied to
patients with a denervated heart can be disregarded.
High-intensity, interval-based aerobic exercise is supe-
rior to moderate exercise in patients with coronary ar-
tery disease and heart failure, and the positive effects
of this type of exercise seem to also be largely repro-
ducible among heart transplant recipients.

Nytreen K, Gullestad L. Exercise after heart transplantation: An
overview. World J Transplant 2013; 3(4): 78-90 Available from:
URL: http://www.wjgnet.com/2220-3230/full/v3/i4/78 htm DOI:
http://dx.doi.org/10.5500/wijt.v3.i4.78

INTRODUCTION

Heart transplantation (HTx) gives numerous patients with
end-stage heart disease a second chance at life. However,
although life expectancy is greatly improved, survival is
reduced, mainly due to the increased frequency of late
complications. Additionally, the patient’s exercise capacity
and health-related quality of life (HRQoL) are reduced
compared with the general population”’. Exercise capac-
ity improves after a HTx when compared with end-stage
heart failure™™, but continues to be subnormal when
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compared with age-matched values in healthy individuals.
In most studies, the peak oxygen uptake (VOzpea) levels
range from 50% to 70% of the general population (Table 1),
and a reduced VOopeak level is generally associated with
a poorer prognosism. Only a few studies have reported
individuals reaching close to normal VOzpeax levels!™.
Both central hemodynamics and peripheral physiological
abnormalities may explain the reduced exercise capacity
of these patients (Table 2). These factors include reduced
cardiac output due to chronotropic incompetence or re-
duced stroke volume, peripheral abnormalities, including
reduced muscle strength and oxidative capacity, and ab-
normal blood supply due to impaired vasodilatory capac-
ity or capillary density'"”.

While several studies have demonstrated an effect of
aerobic exercise after HTx, the majority of studies used
a protocol consisting of moderate training (Table 3).
Traditionally, mainly due to chronotropic incompetence
because of denervation, HTx recipients have not been
exposed to interval-based exercise with higher intensity
because it has been considered “unphysiological”. High-
intensity interval training (HIT) has repeatedly proven to
be a highly efficient form of exercise for improving the
physical capacity of both normal subjects and patients
with coronary artery disease (CAD) and heart failure!*".
While the exact results in various patient groups are
varied, HIT has demonstrated improvements in both
central and peripheral factors, such as stroke volume, left
ventricle (LV) remodeling, blood volume and flow, blood
pressure, endothelial function, biochemical markers, skel-
etal muscle function and HRQoL"*"". However, except
for two small studies published in 2004 and 2011""']
HIT has not been used as an intervention among HTx
recipients. A systematic review and meta-analysis re-
garding the effects of exercise in solid organ transplant
recipients were recently publishedm, concluding that “ex-
ercise training is a promising but unproven intervention
for improving cardiovascular outcomes of solid organ
transplant recipients”. Because the existing randomized
controlled trials (RCTs) are small and of relatively short
duration, more large-scale RCTs are urgently needed to
develop clear and evidence-based guidelines regarding
exercise prescriptions after HTx.

The most recent RCT assessing effect of exercise
after HTx"", which was also the largest to date, was pub-
lished too late to be included in that systematic review
regarding the effects of exercise in solid organ transplant
recipientsm, but the study is presented in Table 3 and will
be referred to throughout this article.

TRANSPLANTED, DENERVATED HEART

In contrast to the chronotropic response of a normal
heart to exercise, a newly transplanted heart is dener-
vated, which causes higher resting heart rate (HR) and
reduced HR response (chronotropic incompetence)™.
The HR response during exercise is mainly controlled by
catecholamines from the adrenal glands, resulting in a sig-
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nificantly slower increase of the HR at onset of exercise,
a reduced peak HR, and a delayed return towards resting
values after cessation of exercise!™”?!!, It is a common
belief that this slow HR is of great importance when de-
signing rehabilitation programs early after HTx, especially
during the very first year. An improved HR response to
exercise has been demonstrated during the first year after
surgery”™ but it is unclear if this is due to reinnervation,
and if so, what the functional importance of possible re-
innervation is”*".

EXERCISING WITH A TRANSPLANTED
HEART

Knowledge about the denervated heart is important in
order to adjust the exercise protocol to achieve the op-
timal effect of physical exercise. There are several small
studies which have shown that aerobic exercise gives a
higher exercise capacity in HTx recipients””***, The
exercise protocols used, which have mainly consisted of
steady-state training with moderate intensity, have shown
positive effects™*** However, the increase in exet-

cise capacity and the VOzeu levels reached are moder-
[3,5,6,26-28]
e .

at

Several reports have been published on the effects of
rehabilitation and exercise in non-transplant patients. The
main conclusion is that high-intensity, aerobic training,
especially interval-based training, is a favorable type of
exercise that yields improvements in both peripheral and
central factors ™", Wisloff ez a/' showed that interval
training improved VOzpear with 46% in patients with heart
failure, but it has been unclear whether this type of exer-
cise is suitable for HTx patients.

It is assumed that the delayed HR response after HTx
is a limitation in regard to adapting to interval training,
Presently, it is commonly believed that because of the
slow HR of these patients, the session should begin with
a thorough warm-up period, which should be followed
by steady-state (Steady-state training refers to no rapid
changes in intensity or exercising with an even HR) aero-
bic exercise. Although the HR response to exercise im-
proves with time after HTx, the prevailing opinion is that
these patients should not participate in interval training;
This considerably limits their possibilities in joining exist-
ing rehabilitation programs in their home environment.
Additionally, it has not yet been thoroughly investigated
if this form of exercise is really unsuitable for this group
of patients.

MECHANISMS OF REDUCED EXERCISE
CAPACITY AMONG HEART TRANSPLANT
RECIPIENTS

Both central hemodynamic and peripheral physiologi-
cal factors most likely contribute to the reduced exercise
capacity in HTx recipients (Table 2). The central factors
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Table 1 Summary of some of the observational studies describing the VOz;ea levels in heart transplant recipients

Study n Mean age (yr) Mean time after VOzpeak: mL/kg per VOzpeak (% of age- Percent of age-
HTx minute or L/min predicted value) predicted HRmax or
actual HRmax (bpm)
Renlund et al"™! 110 51410 26 mo 17.7 £0.3 mL 64% +1% 85%
Mandak et al™" 60 52+10 1yr 16.2 3.8 mL NA 137 £ 24
Osada et al"™*" 56 50 +12 3yr 20.0 +£5.0 mL 70% +17% 88% +11%
Notarius et al™” 12 51+4 8 mo 173+ 1.7 mL 57% 147 +7
Douard et al™ 85 52412 0-100 mo 21.1+6 mL NA 85% +13%
Squires et ™! 95 48+14 1yr 19.9 £4.8 mL 61% £15% 138 £22
Gullestad et al"*” 174 51+1 35yr 19.4 £0.4 mL 70% +1% 146 £ 2
Myers et al™! 47 47+12 48yr 9.4+2.6mL 59% +14% 129 +18
Schmid et al™! 17 58 £13 65 +27 20.9+5.2mL NA 136 £ 12
Richard et al" 7 40+13 2yr NA 101% +12% 93% 9%
Carter et al® 47 48 5yr 16.1 £0.5 mL 51% +1.5% 74% +1%
Ulubay et al™ 7 43 +14 19 mo 145+033 L NA 114 +41

HTx: Heart transplant; HRmax Maximum achieved heart rate; bpm: Beats per minute; NA: Not available.

Table 2 Possible mechanisms associated with reduced exercise

capacity in heart transplant recipients

Central cardiac factors
Reduced cardiac output
Chronotropic incompetence
Reduced stroke volume
Systolic dysfunction
Diastolic dysfunction
Pulmonary dysfunction
Pulmonary hypertension
Lung disease
Pulmonary congestion
Peripheral factors
Decreased skeletal muscle function
Reduced muscle mass
Reduced muscle strength
Reduced capillary density
Reduced oxidative capacity
Reduced mitochondrial function
Corticosteroid induced myopathy
Impaired vasodilatory capacity
Endothelial dysfunction
Deconditioning
Potential factors contributing to reduced exercise capacity
Increasing age
Donor age
Donor match
Ischemic time
Pre transplant de-conditioning
Primary diagnosis
Co-morbidities
Smoking
Cultural differences
Gender differences
Anxiety and depression
Socio-economic status
Reduced health-related quality of life

include chronotropic incompetence, impaired LV func-
tion or greater arteriovenous oxygen difference, while
peripheral limitations include reduced muscle mass,
anabolic resistance due to reduced muscle strength and
oxidative capacity, or abnormal blood supply due to im-
paired vasodilatory capacity and capillary density. Several
factors specific for HTx patients, such as immunosup-
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pressive regimens, donor age, and ischemic time, as well
as general factors, such as smoking status, prolonged de-
conditioning, co-morbidities, socio-economic status, and
cultural differences, may contribute to their reduced per-
formance”>**"* (Table 2).

HIT

The American College of Sports Medicine™ and Ameri-
can Heart Association” recommend exercising with
an intensity between 50% and 90% of maximum VOz,
which refers to approximately 60%-95% of the maxi-
mum HR. In comparison to the detailed prescription
of different medications, this is a very imprecise recom-
mendation. As such, it causes difficulties for both the
health personnel who are obligated to give advice based
on these recommendations, and the patients who are try-
ing to carry out these vague exercise prescriptions. One
of the reasons for the imprecise recommendations is that
there has been uncertainty and disagreement regarding
how VOzpea improves most efficiently. The majority of
researchers in the field now agree that the major fac-
tor limiting an individual’s VOzpeu is the stroke volume.
Given that maximum HR cannot be increased, the stroke
volume is the limiting (and only) factor that, through ex-
ercise, may improve cardiac outputm. It is reasonable to
think that exercising at a near to maximum stroke volume
would give the best results. The previous belief was that
maximum stroke volume was reached at approximately
50%-70% of maximum HRP™ and this is still stated in
most textbooks™, even though it was shown as early as
in the 1960s that stroke volume does not necessarily pla-
teau in this range”™. Additional and more recent research
has documented, both in untrained, moderate and well
trained subjects, that the stroke volume often does not
reach a plateau until the HR is close to its maximum**,
This has not been documented in patients with CAD, but
several studies of high-intensity exercise interventions
have documented a superior effect of such exercise com-
pared to exercise at a moderate intensity, both in patients

with heart failure and CAD">"***7,
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Table 3 Summary of randomized controlled trials investigating the effect of exercise in heart transplant recipients

Study n, mean Mean time Intervention Mean change in Mean change in
age (yr) after HTx VOzpeak (ML/kg  VOzpeak (mL/kg
per minute) per minute)
within groups  between groups
Kobashigawa 27,52 1 mo 6 mo partly supervised rehabilitation program vs controls CG Ex:9.2 —13.6 23
et al” Walking: cycling and upper and lower limb exercises for 30 min x 1-3/wk Con: 10.4 — 12.3
Tegtbur et al™ 32,55 5yr 1 yr home-based exercise program vs controls Ex: 18.6 — 20.0 1.3
Cycling every other day for 1 yr at 80%-90% of maximum HR Con: 18.9 — 19.0
Bernardi et al'® 24,52 6 mo 6 mo home training vs controls Ex:14.9 — 19.6 3.4
Cycling at 60%-70% of VOzpeak 30 min x 5/wk x 6 mo Con: 14.3 — 15.6
Karapolat et al® 28,42 15yr 8 wk supervised hospital training vs home-based training
1.5 h of multiple exercises: including aerobic exercise for 30 min at Ex:16.7 — 19.5 34
60%-70% of VOzpeak X 3/ Wk
The controls received written guidelines on exercises and a walking Con: 20.1 — 195
program
Wu et al™” 37,56 2yr 8 wk home training vs controls
Strength training and aerobic exercise at 60%-70% of VOzpeak: 35-40 min X  Ex: 121 —13.2 1.6
3/wk Con: 13.7 —» 13.2
Haykowsky 43,59 5yr 12 wk aerobic/strength training vs controls
et al™ First 8 wk: continuous aerobic exercise at 60%-80% of VOzpeak: 30-45 min x
2/wk
Continuous aerobic training at 80% of VOzpea, 45 min x 2/wk and bicycle  Ex: 21.2 — 24.7 3B
interval training for 30 s at 90%-100% of VOzpeak: followed by 60 s rest for
10-25 reps x 2/wk in the final 4 wk
Resistance training at 50% of 1RM: 10-15 reps x 1-2 sets x 4 exercises X~ Con: 18.2 — 18.2
2/wk for 12 wk
Hermann et al™ 27,50 7yr 8 wk high-intensity interval training vs controls
Interval blocks of 4 min/2 min/30 s: corresponding to 80%: 85% and Ex:23.9 — 283 5.6
90% of VOzpeak: respectively: and recovery periods of Y2 min: and finally ~ Con: 24.6 — 23.4
staircase running at 80% of VOzpeak: followed by recovery walking 60 min x
3/wk
Nytreen et al™ 48,51 4yr 1 yr high-intensity interval training vs controls
4 interval blocks of 4 min each performed at 91% of peak HR: with 3 min  Ex: 27.7 — 30.9 3.6

active recovery periods between each block

3 periods of 8 wk distributed throughout 1 yr with exercise 3/wk for a

Con: 28.5 — 28.0

total of 72 exercise sessions

HTx: Heart transplant; NT: No training; Ex: Exercise group; Con: Control group; 1RM: 1 repetition maximum; HR: Heart rate.
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Figure 1 Example of a 4 x 4 high-intensity interval training session per-
formed by a heart transplant recipient.

Most individuals should be able to reach an inten-
sity of approximately 90%-95% of their maximum HR
within 1-2 min. Based on this, the leading research com-
munity of this field in Norway (Norwegian University of
Science and Technology, Trondheim) have proposed and
documented that 4 exercise bouts of 4 min each (4 X
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4) (Figure 1), with an active break in between, is an exer-

cise prescription that is highly effective and works very
[38]
well ™.

HIT IN HEART TRANSPLANT RECIPIENTS

As shown in Table 3, only a limited number of RCTs
have investigated the effect of exercise in HTx recipients.
Furthermore, most of these studies compared some
form of rehabilitation/exercise program with a control
group that was not receiving any specific type of exer-
cise strategy, and most of the exercises performed in the
intervention groups were performed in-hospital and at
a moderate intensity. It is challenging to conduct large-
scale, high-quality, in-hospital exercise studies because
the HTx recipients often live very far away from the
transplantation centers, and it is difficult and expensive
to recruit enough patients to participate in a long-term
exercise program very far away from their home. Thus, a
training program that is close to the patients’ home might
be more desirable. We tested such an approach in a study
investigating the effect of HIT in HTx recipients“s], and
even though Norway is a small country with a very small
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HTx population, this was manageable because we de-
signed the intervention to be carried out individually, in
each of the patients’ home communities.

Each participant was assigned to a local physical ther-
apist who cooperated closely with our hospital and the
people in charge of the trial. The exercise intervention,
which lasted for 1 year, was divided into three main, in-
tensive exercise periods lasting 8 wk each. After each 8-wk
period, the project group and the local physical therapist
discussed the results and the improvements in each indi-
vidual patient thus far and made plans for the next inten-
sive exercise petiod. The evaluation of the training period
included HR analyses from the HR monitors and exetcise
logs, re-testing of the patient’s maximum HR and adjust-
ment of the desired training zones, if necessary.

When the study first started, we were anxious to see
whether this fairly ambitious exercise intervention would
and could be sustained by the participants for a full year.
Of the 52 patients who were initially recruited, 48 com-
pleted the follow-up, and the results exceeded our ex-
pectations, showing that a mean of 96% of the planned
exercise sessions were completed at the target intensity
throughout the year, without any adverse events. Four
patients did not complete the study due to other reasons.
Thus, we feel that it is safe to conclude that this form of
exercise is both highly applicable and safe in stable, long-
term HTx recipientsm], Our results are in accordance
with the only other two existing studies that introduced
HIT to HTx recipients[“’m], but future large-scale studies
are needed to confirm the observed effects on peak ex-
ercise capacity and determine the mechanisms by which
this occurs. Additionally, the studies should examine
whether HIT has beneficial effects besides improving
exercise capacity, such as in reducing transplant related
complications. Furthermore, HIT also needs to be com-
pared to other exercise strategies and not only control
groups receiving no particular training regimen.

EFFECT OF EXERCISE IN HEART

TRANSPLANT RECIPIENTS

The first RCT investigating the effect of exercise in HT'x
recipients was published by Kobashigawa ef al’. The trial
included patients who were 1 mo post HT'x and com-

pated a 6-mo rehabilitation program to a control group
receiving no specific exercise strategy. The mean change
between the groups at follow-up was 3.4 mL/kg per
minute (P < 0.001), but the VOzpeax level reached at the
end of the intervention was low compared to the values
predicted for healthy subjects of similar age and sex. This
was also reflected in most of the subsequent trials. Table
3 describes the details of the published RCTs during
the period from 1999 to 2012. The mean VOzpeak values
reached after the exercise interventions ranged from 13.2
to 28.3 mL/kg per minute in the vatious studies, and the
mean change between the control and exercise groups
ranges from 1.3 to 5.6 mL/kg per minute. Except from
the two previously mentioned randomized HIT-stud-
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. [1618 . . . .
ies""™ the mean intensity of the aerobic training was

reported to be 60%-80% of VOzpek in the majority of
the studies, the exercise duration ranged from 30 min to
1.5 h, 2-5 times per week for 8 wk up to 1 year, the mean
time after HTx ranged from 1 mo up to 7 years, and the
number of participants ranged from 24 to 43 (Table 3).

Based on the great differences between these tri-
als, the somewhat inconsistent results and the lack of a
control group undergoing a different exercise strategy in
most of the RCTs, it can only be concluded that exercise
improves VOzpea; it is not yet possible to state which type
of exercise, intensity and duration gives optimal results,
although a HIT-intervention seems to be favorable.

Most of the studies describing VOzpeak levels in HTx
recipients reported that the levels to be between 50%
and 70% of predicted values™***, The highest level re-
ported was from a study carried out at our center''”. The
exercise group improved their VOzpeak level from 27.7 to
30.9 mL/kg per minute, corresponding to 80% to 89%
of predicted values in healthy subjects (Table 1). The
high baseline VOzpeak values may have been a result of se-
lection bias, based on the design of the study, the exercise
intervention and the inclusion criteria. However, con-
sidering the wide range of VOzpeak values (from 13.9 to
44.0 mL/kg per minute, cortesponding to 46% to 130%
of predicted) and the normally distributed data, this sug-
gests a heterogeneous group rather than a selected group
of well fit HTx recipients, and the data might mirror the
stable and healthy Norwegian HTx population quite well.
Our high levels are supported by another recent Nordic
RCT investigating the effect of high-intensity exercise
in HTx recipients?. In that study, the authors demon-
strated higher than average VOzpeak values, with a baseline
value of 23.9 improving to 28.3 mL/kg per minute at
follow-up, even with a considerably higher mean time
after HTx of 7 years s5 4 years in our study. It is unclear
whether this could be a reflection that Scandinavian HTx
recipients have levels above average, or if it is due to type
of test protocol used in other studies and/or uncertainty
about whether maximal intensity really was reached dur-
ing the exercise test. However, we believe that HIT inter-
ventions"*'"™ likely induced a greater effect than moder-
ate training. This is in accordance with previous studies
among patients with CAD" and left ventricular dysfunc-
tion"", which have used comparable HIT protocols.

At follow-up, the mean change in VOzpeax between the
groups in our study“g] was 3.6 mL/kg per minute. This
is similar to three of the other RCTs involving moder-
ate training that are presented in Table 3***. However,
it is important to note that two of these studies'™™ had
considerably lower baseline VOzpeak values and that it is
well known that subjects with low initial VOzpeak levels
easily gain greater improvements than those with fairly
high baseline values™. Haykowsky ez al” demonstrated
a similar improved mean VOopeak follow-up value in the
exercise group (24.7 mL/kg per minute »s 30.9 mL/kg
per minute) and reported a similar mean change between
the groups of 3.5 mL/kg per minute. This exercise intet-
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vention”” also included elements of HIT, which makes
a morte suitable comparison for our study. Haykowsky’s
study™, which was published in April 2009, the same
year we started including patients in our RCT, was then
the RCT with the highest demonstrated VOzpeak improve-
ment among HTx recipients. In 2011, during the course
of our study, Hermann ¢z a/'” published the results from
their study, demonstrating an overwhelming difference
of 5.6 mL/kg per minute between the exetcise group
and the control group after 8 wk of exercising 3 times
per week. Although it is questionable why and how the
control group reduced their VOzpear level from 24.6 to
23.4 ml/kg pet minute in only 8 wk, which contributed
to the large mean difference between the groups, the
exercise group still had a remarkable mean improvement
of 4.4 mL/kg per minute, substantially supporting HIT
as a highly effective form of exercise in long-term HTx
recipients. Similarly, our study supports HIT as a safe,
applicable and effective form of exercise, and the field is
now ready and in need of future studies investigating the
effects of HIT compared to other exercise interventions.
The timing is also important, as the health benefits may
be even greater if the intervention is started earlier, that
is, shortly after HTx.

Chronotropic responses and reinnervation

In the 1990s, it was widely believed that “total denervation
persists in the human heart following cardiac transplanta-
tion”P" and “the lack of alteration in the HR response
over time, suggests that no significant functional rein-
»P1l This was the common belief in
most research communities in early studies among HTx
recipients. However, in last decade, a body of evidence
has repudiated this statement. Nevertheless, several stud-
ies evaluating sympathetic and parasympathetic rein-
nervation have yielded somewhat contradicting results,
especially with respect to possible parasympathetic rein-
nervation”™ . The evidence of sympathetic reinnervation
seems to be more frequent and certain, but is inconsistent
in nature””*. Multiple different direct and indirect meth-
ods of evaluating reinnervation, such as HR variability
analysis'™, cardial release of noradrenalin® positron-
emission tomography™ and the evaluation of the chrono-

nervation occurs

tropic response as a sign of functional reinnervation, have
also yielded varying results®”.

The normalization of the chronotropic responses is
associated with functional reinnervation and better exer-
cise capacity[ﬁ’w’m’éo’oﬂ. Along the same lines, the reduced
exercise capacity in HTx recipients is generally associated
with chronotropic incompetence due to denervation.
Multiple studies showing partial normalization of the
HR response have reported discrepant results regarding
the degree of normalization and percent of subjects de-
veloping normalization, in addition to great differences
according the time after HTx when the improved chro-
notropic response is confirmed. Bernardi ez al” showed
that autonomic nervous control can be improved by
physical training, while others have proposed that rein-
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nervation occurs independently over time™*"*”, Richard
et al' and Pokan ef a/'" have shown peak HR values
close to or above age-predicted in HTx recipients. These
findings are supported by a study from our center””
which we documented a high degree of normalization of
chronotropic responses within 6 mo after HTx. This oc-
curred earlier and with a higher degree of normalization
than demonstrated by others™***" The high degree
of normalization during the first year after HTx™ was
confirmed in a different long-term HTx population in
the previously discussed HIT-intervention study"™. The
exercise group in this study significantly improved their
peak HR from 154 to 163 bpm, whereas the control
group remained unchanged (154 bpm »s 153 bpm). This
finding supports Bernardi e a/”, but it is still unclear
whether time alone may result in the normalization of
chronotropic responses or whether it occurs in combina-
tion with exercise or others factors.

Because it has been assumed that chronotropic incom-
petence in HTx recipients is a limitation towards adapting
to interval training, and because the patients have atypical
central and peripheral responses to exercise, previously
described training regimens have mostly consisted of
moderate, steady-state intensity exercise™*? (Table 3).
Only a few previous studies have desctibed close to not-
mal HR responses in HTx recipientslm’1 " These, together
with our recent studies' ', have provided increasing evi-
dence suggesting that HR response is not a limiting fac-
tor for exercise capacity in the majority of HTx patients.
Hopetully, this finding will contribute to minimizing the
persistent exercise restrictions that apply to patients with
denervated hearts. A future challenge is to identify which
factors influence the reinnervation process and why it is
inconsistent and does not occur in all HTx subjects.

The absence of parasympathetic activity is cleatly evi-
dent in the denervated heart, which has an elevated rest-
ing HR, often more than 100 bpmm. Resting HR reflects
vagal tone and HR recovery is known to be a matrker of
parasympathetic activitym74J while HR increase at onset
of exercise and peak HR reflect sympathetic activitylw’mJSJ.
The improved HR increase and close to normal peak HR
and HR reserve observed in several studies”""**"! sup-
port the notion of functional, sympathetic reinnervation.
In one of our studies”, we found improved HR recovery,
a marker of parasympathetic activitylm’n’n’w, thus suggest-
ing parasympathetic reinnervation. In contrast, persistent
elevated resting HRP" was not consistent with vagal rein-
nervation. Although we also found a significant lower
resting HR in another studyllsj, suggesting improved vagal
reinnervation, our results only confirm the inconsistencies
in the literature regarding reinnervation in general.

, in

Central vs peripheral effects of exercise

Pulmonary diffusion, cardiac output and blood volume
are regarded as the main central limitations to oxygen
delivery, while the role of peripheral factors limiting VO-
speak has been an object of greater discussion” . While it
is agreed upon that VOzex 1s dependent on the interac-
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tion between Oq-transport and muscle (mitochondrial)
consumption of O, there is disagreement as to which of
these is the main determinant””. The results vary largely
in trained »s sedentary subjects or in different patient
groups »s normal subjects. In athletes, as in patients with
chronic lung disease, pulmonary diffusion seems to be
the greatest limitation. In healthy, untrained subjects and
in patients with heart failure, the principal limiting factor
is cardiac output, often combined with skeletal muscle
limitations™. In HTx recipients, it is assumed that re-
duced exercise capacity is due to a combination of cen-
tral and peripheral physiological abnormalities"*”, but
the mechanisms behind this subnormal capacity is not
completely understood. Thus, we initially hypothesized
in our recent trial™®” that a possible increase in VOazpeak
after a HIT intervention would be positively affected by
both central and peripheral factors. To study myocardial
performance, we performed thorough examinations of
the systolic and diastolic function of all patticipants us-
ing newer echocardiographic techniques, both at rest and
during sub-maximal exercise (bicycle ergometer). In con-
trast to the documented improved cardiac function of
HIT in patients with cardiovascular diseases in general,
we found, rather surprisingly, no alterations of clinical
importance, either in cardiac systolic or diastolic function
as assessed by echocardiographic measurements®”. This
suggests that HTx recipients respond differently to HIT
than other groups of patients. Muscle diffusion capac-
ity, mitochondrial enzyme levels and capillary density are
other potential peripheral sites for VOzpea limitation™”.
Although most research supports cardiovascular delivery
as the central component in VOzper, the importance of
skeletal muscle function should not be underestimated””.
Borrelli et o/ found that the main gain in VOzpeak was
at the peripheral level. In accordance with this, we found
that muscular exercise capacity and amount of body fat
were strong factors predicting VOzpeak in a group of HTx
recipients™. These findings were confirmed in a follow-
up study“g], where the same peripheral factors made the
most significant contributions to the improvement in
VOopeak. These findings suggests that petipheral muscular
and metabolic alterations have a substantial impact on the
aerobic exercise capacity in HTx recipients and that they
may have a greater impact than cardiac limitations"”.
However, despite the absence of detectable echocat-
diographic improvements in the current study™, the HIT
group demonstrated a higher Oz-pulse and lower HR
at sub-maximal exercise levels, which indicate increased
stroke volume. In addition, the chronotropic response
index (CRI), which reflects both the maximum HR and
the resting HR, significantly increased from 0.89 to 0.95.
These somewhat contradictory findings regarding cardiac
function may be explained by the small number of obser-
vations, possibly causing a type 2 statistical errot. Echo-
cardiographic measurements during peak exercise and a
higher number of observations could reveal an undetect-
ed improvement in cardiac function in future studies.
Because of the initially high and close to normal CRI,
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and a mean time of 4 years after HTx, we did not expect
any notable improvement in the chronotropic responses.
Nevertheless, at follow-up, the HIT group showed a sig-
nificant increase in their CRI as a result of both a lower
resting HR and a higher peak HR™. However, it is still
unclear whether improved autonomic nervous control

is a result of exercise!®

4,63

or if it occurs independently, as a
result of time™*. As previously mentioned, a large num-
ber of studies have documented partial sympathetic rein-
nervation. This appeats to be greatest during the first few
years after a HTx and then gradually decreases™™. The
findings in our study“sl indicate that the peak HR, despite
a close to normal level at baseline (4 years post HTx), can
still be influenced by intensive exercise and fully reach,
or even exceed, the expected maximum HR. A total of
30% of the patients in the current study had an expected
maximum HR > 100% (range 100%-111%).

In summary, it seems quite clear that HTx recipients
respond differently to exercise than other patient groups
and that the beneficial training effects in a number of

. (182582
studies!***

predominantly rely on peripheral mecha-
nisms, especially muscular exercise capacity. However,
some of the findings in our study"” also suggest some
improvements in cardiac function and that autonomic
regulation is improved and close to normal. Further
investigation is needed to establish why and how the
transplanted hearts respond differently to high-intensity

exercise than normal subjects and other patients groups.

EFFECT OF EXERCISE ON TRANSPLANT
RELATED COMPLICATIONS

It is well known that many HTx recipients develop a

number of complications, such as cardiac allograft vas-
culopathy (CAV), graft failure, renal failure, cancer, gout,
metabolic disturbances, including hyperlipidemia and dia-
betes mellitus, and reduced HRQoL. These may all con-
tribute to increased morbidity and reduced survival. In
general, exercise might have beneficial effects on several
of these parameters in the general population and in dif-
ferent patients groups. However, little is known about the
role of exercise on transplant related complications. The
few RCTs that have been publishedm’m (Table 3) have
mainly documented the effects of exercise on exercise
capacity, muscle strength, body composition, endothelial
function, some inflammatory biomarkers and HRQoL.
However, detailed knowledge regarding other effects of
exercise, such as on metabolic disturbances, renal func-
tion and co-morbidities, does not exist. Studies describ-
ing factors associated with exercise capacity also provide
limited and uncertain information because the specific
factors considered varies greatl§7[30’31’48’83].

We recently examined the effect of HIT on CAV™,
CAV (Figure 2) is a rapidly progressive form of athero-
sclerosis that occurs in HTx recipients and involves diffuse
thickening and occlusion of the coronary arteries””. The
classic early sign of CAV, intimal thickening, is present in
approximately 58% of the arteries during the first year
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Figure 2 Intravascular ultra sound increases the sensitivity for early diagno-
sis of cardiac allograft vasculopathy compared to traditional angiography.
Diffuse intimal thickening (area between the arrows) can be accurately identified
by intra vascular ultra sound in contrast to angiography where only the lumen
size is visible.

after HTx"". Later, luminal stenosis of the epicardial
branches and occlusion of the smaller arteries develop, re-
sulting secondarily in myocardial ischemia and infarction™
Treating CAV is a great therapeutic challenge, and it is
the leading cause of late graft-loss and death among HTx
patients. The only real cure for severe CAV is retransplan-
tation™™. Because of denervation, myocardial ischemia
may be asymptomatic in many cases, and CAV can only be
diagnosed by coronary angiography or intravascular ultra
sound (IVUS). IVUS increases the sensitivity for carly di-
agnosis compared to traditional angiography™ (Figure 2).

Existing therapy options, both for the prevention and
treatment of CAYV, including immunosuppressive drugs
and statin therapy early after HTx, have so far not given
the desired results™ ™. In clinical practice, prophylaxis of
CAV involves modification of general risk factors, such
as smoking, obesity, diabetes and hypertension, as well
as the implementation of physical activitym. However,
although the atheroprotective effect of exercise and the
effect of physical activity on established CAD is well
documented”” with HIT being reported to have a
more pronounced effect’ ™, knowledge about the spe-
cific effect of exercise on CAV is very limited.

CAV continues to limit the long term success of HTx;
CAV is, in addition to malignancy, the most important
causes of death in patients who survive the first year after
HTx. In our recent studylw, we demonstrated, using serial
IVUS measurements, that the progression of CAV was re-
duced by more than 50% in the HIT group compared to
the control group™. Although no previous reports on the
effect of exetrcise on CAV progression in HTx patients
exist, our finding is in accordance with the effect of ex-
ercise on progression of coronary atherosclerosis among
patients with CADP, specifically, an increased threshold
for chest painm}. In a recent study by Yoshikawa ez 2/ it
was shown that a high VOopek level was associated with
healthier tissue composition and less coronary plaque in
patients with CAD. Additionally, a recent review article
summarizing the impact of exercise training on arterial
wall thickness concluded that exercise can decrease arterial
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wall thickness in subjects with CAD or with cardiovascu-
lar risk factors, as well as in healthy subjectsl%]. However,
what type of exercise, frequency, duration and intensity
that gives the best results remain to be determined.

In contrast to most studies investigating the effect
of exercise on cardiovascular health, our study™ had a
long-term, high-intensity exercise intervention. If the ef-
fect on CAV is due to this mode of exercise is uncertain
and needs to be confirmed in future studies. However,
we believe that a high-intensity program is needed, given
that the control group in our study must be considered
a moderate training group as they performed a consider-
able amount of exercise during the study petriod. Spe-
cifically, only 33% exercised little or not at all, and 67%
exercised 2 times or more per week.

Several mechanisms are involved in the initiation
and progression of CAV, including innate and adaptive
immune responses, as well as risk factors, such as smok-
ing, hypertension, hyperglycemia, hypercholesterolemia,
body mass index (BMI) and metabolic disturbances™. In
our study, we found that the progression of CAV, as as-
sessed by an increase in percent atheroma volume (PAV)
> 1.5%, was associated with a significantly higher mean
change in weight, BMI and visceral fat. Because a high
BMI and visceral fat are associated with increased inflam-
mation, which is a well-known factor contributing to the
development of endothelial dysfunction, atherosclerosis
and CAV™, a possible mechanism by which HIT affects
CAV progression could be mediated by a reduction in
the inflammatory burden. This is consistent with studies
among patients with CAD that have suggested that the
effect of exercise on atherosclerosis may be explained,
to some extent, by its influence on metabolism and its
anti-inflammatory effects'""""
ent study[m, other than significantly lower 1L-8 level at
follow-up (within-group), a numerically lower level of
C-reactive protein (CRP) and a numerically higher level
of IL-6 in the HIT group, there was no clear effect of
HIT on the differential expression inflammatory media-
tors between the groups. This contrasts the findings of
Hermann ef al'®, who carried out a comparable HIT
intervention and found a significant reduction of CRP
in the HTx exercise group. The reason for the discrepant
finding is unclear but could be related to patient popula-
tion, duration of exercise or timing of blood sampling,
We cannot rule out that exercise could have a beneficial
effect on vascular inflammation that is not associated
with a systemic inflammatory response. Lower increases
in PAV were associated with a reduction in visceral fat, as
well as BMI and Weight[84], which could be due to an ef-
fect of HIT on adipocyte-derived mediators. This needs
to be clarified in future studies.

. However, in the pres-

Health related quality of life

Studies investigating HRQoL after HTx have cleatly dem-
onstrated that HTx recipients have significantly improved
HRQol. compared to the pre transplant stage> """,
These studies have mainly used generic questionnaires or
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a combination of generic and disease specific question-
naires' """ Several studies have reported that the im-
proved HRQol also remains high in the long-term after
HTx">"M 10 contrast, we previously found reduced
HRQoL among HTx patients in the long term after
surgery compared with newly transplanted patientsmzl.
Compared with HRQoL scores in general populations,
HTx populations demonstrate varied results. Some stud-
ies report no HRQoL differences between HTx recipi-
ents and the general populationﬂ%’m’m], whereas others
have reported that HTx populations have significantly
lower HRQoL scores compared with a reference popula-
tion" "1 Furthermore, reduced HRQoL is asso-
ciated with anxiety and depression after HTx!"">""""*!7,

In contrast to the previous study from our center dem-
onstrating a higher frequency of depression and anxiety'?,
both groups in the most recent study from our center had
high scores on HRQoL and no symptoms of anxiety or
depression at baseline!"™. This might be due to our inclusion
criteria, allowing only stable and healthy HTx recipients to
participate. The high baseline HRQoL scores among both
groups limited the possibility of revealing an actual effect
of exercise in this area, but despite the ceiling-effect, there
was a cleat trend towards a better overall HRQoL in the
HIT group compared to the control group in all domains
of SF36!". This was also confirmed by a significantly
higher rating in the HIT group on the VAS scale, which as-
sessed their subjective opinion on whether participation in
the HIT intervention generated positive influences on their
general health", This supports previously documented evi-
dence on the association between increased exercise capac-
ity and better HRQoL"™""*'*,

SUMMARY AND IMPLICATIONS FOR
FOLLOW-UP AND FUTURE RESEARCH

In the past few years, there has been increasing focus on
using physical exercise as a tool in both the primary and
secondary prophylaxis of cardiovascular diseases, which is
the main cause of sickness and death in the western world.
Despite the increased focus and great benefits of regular
exercise, it is still underutilized as a therapeutic intervention.

Traditionally, several exercise restrictions have applied
to the transplanted, denervated heatt, which seems to be
based more on caution than scientific evidence. The time
seems to be right for rethinking the use of exercise among
HTx recipients and to offer an “up to date” physical train-
ing principle to this group of patients who are presently
not recommended to participate in HIT programs.

The high degree of normalization of chronotropic
responses among HTx recipients should be a major fac-
tor in support of reducing the exercise restrictions that
have applied to the denervated heart. Accumulating evi-
dence suggest that chronotropic incompetence is not a
factor limiting exercise capacity in the majority of HTx
recipients and that HIT is a feasible, safe and effective
way to improve exercise capacity and general health in
stable, long term HTx recipients. This type of exercise
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should be introduced and used more frequently among a
broader audience. However, the transplanted heart seems
to respond differently to this type of exercise, resulting
mainly in peripheral improvements rather than improved
cardiac function. Larger studies and more basic research
are needed to investigate these mechanisms. Future re-
search is also needed to determine if the positive effects
on CAV are reproducible, to examine which mechanisms
cause these effects and to determine whether such an
intervention has an effect on long term survival. The im-
portant question regarding optimal timing for introduc-
ing HIT after HTx also needs to be assessed. At present
there is not (yet) sufficient evidence to conclude that HIT
1s superior to moderate exercise in HTx-recipients.
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Abstract

Interleukin-10 (IL-10), a cytokine with anti-inflammato-
ry and immunomodulatory functions, regulates the biol-
ogy of B and T cells. The present review describes the
role of IL-10 in normal renal physiology, during acute
kidney injury and in the development of chronic renal
failure. We further discuss IL-10-induced cellular and
molecular pathways and their link to the progression of
kidney injury.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Interleukin-10 (/Z-10) gene expression and IL-
10-induced signaling pathways have an important role
in the regulation and maintenance of normal renal func-
tion. Accumulating evidence further demonstrates that
abnormal IL-10 expression whether transient or pro-
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longed, as well as interactions with other growth factors
as a response to diverse stimuli is linked to the appear-
ance and progression of a variety of kidney disorders.
It has been thus suggested that selective targeting of
IL-10 expression and IL-10-related pathways may pro-
vide the therapeutic features to many kidney diseases.

Sinuani I, Beberashvili I, Averbukh Z, Sandbank J. Role of
IL-10 in the progression of kidney disease. World J Trans-
plant 2013; 3(4): 91-98 Available from: URL: http://www.
wjgnet.com/2220-3230/full/v3/i4/91.htm DOI: http://dx.doi.
org/10.5500/wjt.v3.i14.91

IMMUNOLOGICAL PROPERTIES OF
INTERLEUKIN-10

The anti-inflammatory Th2 cytokine interleukin-10
(IL-10) was discovered by Fiorentino and colleagues in
1989 for its ability to inhibit the synthesis of IL-2 and
interferon-y (IFN-y) by Thl cells''!. To date, the 11.-10
cytokine family includes nine members produced by cells,
IL-10, IL-19, IL-20, 1L-22, 11.-24, TL-26, IL.-28A, IL-28B
and IL-29, and four viral homologs. I11.-10 is produced
by several T-cell subpopulations, such as Th2 and T-reg-
ulatory cells (Tregs), NK cells, and a variety of cell types,
including macrophages, dendritic cells and B cells. In the
kidneys, I1.-10 is secreted primarily by the mesangial and
endothelial cells. The viral homologs of 1L.-10 can be
produced by Epstein-Barr virus, cytomegalovirus, ORF
virus and Herpes type 2 viruses” .

The gene encoding human IL-10 (5.1 kb pairs) is lo-
cated on chromosome 1 and comprises five exons. The

IL-10 promoter region contains several single nucleotide
polymorphisms (SNPs) that influence IL-10 expres-
sion and function™ and are associated with a number
of diseases. Indeed, the -1082G/A SNP of the IL-10
gene is more frequent in patients with IgA nephropathy
and focal segmental glomerulosclerosis and is associated

with a worse prognosis of the disease!”. The -1082G/A,
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-819C/T, and -592C/A SNPs of the IL-10 promoter
are consistently associated with type 2 diabetes™, while
the -1087G/A, -824C/T, -597C/A SNPs influence the
prevalence of vascular-related damage in patients suffer-
ing from type 2 diabetes” and end-stage renal disease"”.
The -1082 SNP of the IL-10 gene affects the tumor
development of renal cell carcinoma and shows a signifi-
cant correlation with negative prognostic markers, such
as tumor size, advanced disease stage and the presence of
adenopathy" "%,

Human II-10 protein is a 35 kDa homodimer that is
assembled from two non-covalently bound monomers.
IL-10 acts through a specific receptor complex that con-
sists of two subunits: 11.-10R1 and IL-10R2. Binding of
IL-10 to its receptor is a multistep process in which IL-10
initially binds to IL-10R1; the IL-10/IL-10R1 complex
then binds to IL.-10R2. Formation of the IL.-10/IL-10R1
complex leads to modification of the cytokine’s confor-
mation, enabling presentation of the binding site to II.-
10R2". While the IL.-10R1 subunit is highly specific for
initiating I11.-10 effectors functions, the IL-10R2 subunit
might bind other ligands, such as TNF-o and IFN-y.
Moreover, IL-10R2 is widely present in cells that do not
express IL-10R1 and are thus unresponsive to IL.-10"*",

Activation of the IL-10 receptor complex initiates a
cascade of intracellular events. The first step involves ac-
tivation of members of the Janus kinase family, Jakl and
Tyk2. Activation of Jakl is related to IL-10R1, whereas
Tyk2 binds to the IL-10R2 subunit. This step is followed
by activation of members of the signal transducer and
activator of transcription (STAT) family. STAT1, STAT?3,
and STATS5 molecules in their homo- or hetero-dimeric
forms enter the nucleus and bind to STAT-binding ele-
ments (SBE) in the promoters of various IL-10-respon-
sive genes. These events enhance the transcription of
anti-apoptotic genes and genes associated with cell cycle-
progression, such as Bcl, Cyclin D1, Cyclin D2, Cyclin
D3, Cyclin A, c-Myc, p19Ink and others" . 11.-10 also
induces activation of phosphatidylinositol 3-kinase and
its downstream targets: p70 S6-kinase and Akt/protein
kinase B. This pathway is required for the proliferative ef-
fect of 1L-10""*. In addition, the IL.-10 signaling cascade
often interacts with other intracellular pathways.

For example, IL.-10 modulates the translation of
TNF-oo mRNA #ia the activation of p38MAPK, thereby
increasing TNF-q, production by mononuclear cells™.

In human monocytes, IL-10 up-regulates the expres-
sion and activity of the general cell protective stress pro-
tein heme oxygenase-1 =,

The complexity of IL-10 activities defines a broad
spectrum of the properties of 1L-10. The principal func-
tion of IL-10 is to control inflammation and instruct
adaptive immune responses. 11.-10 inhibits the activation
and differentiation of antigen-presenting cells, such as
dendritic cells and macrophages. 1L-10 down-regulates
the expression of major histocompatibility complex class
I and co-stimulatory B7-1/B7-2 molecules and decreas-
es the secretion of pro-inflammatory cytokines, such as
TNF-q, IL-12, IL-1p, and others. 11.-10 also regulates the
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growth and/or differentiation of B cells, NK cells, cyto-
toxic T and T helper cells, mast cells, keratinocytes, and
222528 1,10 protects the
host from a variety of bacterial, parasitic, viral or fungal

endothelial and mesangial cells

pathogens. Moreover, 11.-10 has clear immunomodula-
tory properties” ",

IL-10 IN THE KIDNEY

IL-10 plays an important role in normal renal physiology,

as well as during acute kidney injury, and in the progres-
sion of chronic renal failure.

Mesangial cells are the major local source of IL-10
in the normal adult kidney™. Mesangial cells are the key
regulators of kidney function as they (1) provide struc-
tural support to the glomerulus by the secretion and
maintenance of the extracellular matrix; (2) modulate the
size of the glomerular capillary loops, thereby influenc-
ing the glomerular filtration rate; and (3) serve as both
a source and target for many growth factors™™". In the
healthy adult kidney, mesangial cell turnover is always
under tight control. Following a variety of initial insults,
mesangial cells undergo activation and/or proliferation.

Activated/proliferating mesangial cells begin to se-
crete excessive amounts of vasoactive hormones, growth
factors, cytokines, chemokines and extracellular matrix
proteins. These factors in turn affect mesangial cells
in an autocrine manner and mediate interactions with
endothelial and epithelial tubular cells and blood-borne
inflammatory cells™ 11.-10 is an autoctine mesangial
cell growth factor. In vitro, 11.-10 induces dose-dependent
proliferation of growth-arrested mesangial cells. I vivo,
11.-10 administration to normal rats results in an in-
creased number of intraglomerular cells and a transient
reduction of creatinine clearance™. Several studies have
demonstrated the association between the up-regulation
of IL-10 and the pathophysiology of various kidney dis-
eases, such as mesangioproliferative glomerulonephritis,
IgA nephropathy, and the acute phase of microscopic
polyangiitis, all of which are related to mesangial cell
proliferation[37'39]. Abnormal production of growth fac-
tors by activated/proliferating mesangial cells contributes
to the induction of renal structural intraglomerular and
tubulointerstitial changes. These changes include glo-
merular and tubular cell hypertrophy, thickening of the
glomerular basement membrane, and development of
microalbuminuria, followed by accumulation of mesan-
gial matrix and overt proteinuria. The degree of protein-
uria correlates with the progression of glomerulosclerosis
and tubulointerstitial fibrosis, pathological changes that
lead to renal failure and end-stage renal disease™. In ad-
dition, IL-10 can promote mesangial deposition of im-
mune complexes, thereby contributing to the progression
of glomerular injurym.

Elevated circulating I1.-10 levels were found in diabet-
ic patients. Moreover, increased 1L-10 concentrations in
serum predict albuminuria and correlate with the severity
of diabetic nephropathym]. In vivo inhibition of IL.-10 in
rats with Thyl-induced glomerulonephritis greatly de-
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creases glomerular mesangial cell expansion and protein
excretion™, Anti-IL-10 treatment of mice that sponta-
neously develop systemic lupus erythematosus (SLE) or
mice injected with peripheral blood mononuclear cells
from human SLE patients delays the appearance of auto-
immune manifestations. These benefits include a reduc-
tion of immune complex deposition in the glomeruli, the
prevention of glomerular hypercellularity and mesangial
expansion, and decreased proteinuriam. However, studies
have shown that IL-10 is protective against SLE-induced
renal damage due to the down-regulation of pathogenic
Thi responsesm]. II.-10 has a protective effect in anti-
mouse glomerular basement membrane globulin-induced
experimental crescentic glomerulonephritis, and the inhi-
bition of IL.-10 decreases renal function and is associated
with worsening of histological features'*”. Experimental
rats with chronically increased IL-10 levels after 5/6 ne-
phrectomy show suppressed infiltration of inflammatory
cells, decreased production of monocyte chemoattractant
protein-1 and RANTES, and a significant reduction in
mRNA for collagen type I and 1II in the remnant kidney.
These phenomena result in a lower degree of proteinuria
and a significant reduction in glomerulosclerosis and
interstitial fibrosis'*’. Taken together, these findings dem-
onstrate that under some conditions, IL-10 has a pro-
tective effect, reducing kidney injury, but in other cases,
IL-10 aggravates defects in renal function. We suggest
that the interdependence of the actions of 1L-10 with
those of other cytokines and growth factors is likely the
reason for this phenomenon.

IL-10 controls the synthesis and secretion of Cys-
tatin C (Cyst C), a cysteine protease inhibitor of great
clinical importance[%]. Cyst C inhibits cathepsins and
may thereby function as a tumor suppressor by inhibit-
ing cathepsin-mediated tumor cell invasion. In addition,
Cyst C regulates tissue inflammation, antigen presenta-
tion, and resistance to viral and bacterial infections™ ",
In humans, Cyst C is produced by all nucleated cells. The
blood concentrations of Cyst C are tightly correlated
with the progression of autoimmune disease, inflamma-
tory lung disorders and cardiovascular disease and may
be used as a prognostic factor in cancer” ™Y, Serum Cyst
C levels may be more accurate than the glomerular filtra-
tion rate as diagnostic value of renal function”™". Today,
the concentrations of Cyst C in serum and urine are used
as reliable markers of acute kidney injury[57’58]. Similar to
IL-10, Cyst C induces mesangial cell proliferation in an
autoctine mannet’

Another growth factor whose functions are closely
related to IL-10 is transforming growth factor-f3 (TGE-f3).
The TGF-B-induced signaling network plays an impor-
tant role in human diseases. TGF-f§ has an essential role
in both normal kidney function and during the progres-
sion of renal injury. TGF-f§ executes its actions through
activation of the Smad and mitogen-activated protein ki-
nase intracellular signaling pathways. TGF-3 isoforms are
widely present and act on virtually every cell type. TGF-f3
regulates the proliferation, differentiation, migration, hy-
pertrophy and apoptosis of intraglomerular and tubular
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cells, controls remodeling of the extracellular matrix, and
promotes glomerular and interstitial fibrosis and the pro-
gression of glornerulosclerosis[(’0764].

Furthermore, TGF- induces the process of epitheli-
al-to-mesenchymal transition (EMT) in normal mammary
epithelial cells. During EMT, cells lose their epithelial
identity, reflected in the loss of the expression of proteins
associated with epithelial morphology, such as E-cad-
herin, a-, B-, and y-catenins, and zonula occludens-1,
and begin to synthesize de novo proteins associated with a
mesenchymal phenotype, such as D-cadherin, fibronec-
tin, vimentin, and a-smooth muscle actin. These events
occut in patallel with a decrease in cell-cell adhesion and
changes in the actin cytoskeleton!"*, TGF-B-induced
EMT in podocytes is responsible for the appearance and
progression of albuminuria and proteinuria. The severity
of proteinuria correlates with the progression of glo-
merulosclerosis and tubulointerstitial fibrosis. Fibrosis is
usually preceded by the infiltration of mononuclear in-
flammatory cells into the interstittum. These cells secrete
cytokines and chemokines that stimulate resident tubular
epithelial cells to differentiate into matrix-producing fi-
broblasts ™", T1.-10 and TGF-B may act synergistically
to regulate the production of proinflammatory cytokines,
chemokines and nitric oxide by mononuclear cells. More-
over, TGF-f induces I1.-10 expression and vice versa in
various cell types, including mesangial cells>"™,

IL-10 acts on both TGF-B and Cyst C, and TGF-§
and Cyst C separately influence 11.-10 synthesis and activ-
ity”""! It has also been shown that there is direct cross
talk between TGF-f§ and Cyst C. TGF-f induces Cyst C
expressionl49’74j, while Cyst C acts as a TGF-f3 antagonist
that prevents the binding of TGF-f to its receptor and
thereby inhibits its activity™". Cyst C is important in the
acute phase of the kidney’s responses to injury, which are
rapid and aggressive, whereas TGF-f3 promotes slower
processes that lead to chronic renal failure and end-stage
renal disease. It has been suggested that the major role of
the dialogue between IL-10 and TGF-f, IL-10 and Cyst
C, and Cyst C and TGF-f is to instruct and regulate the
degree of the renal responses to primary injury. These re-
sponses include control of mesangial cell proliferation, ac-
cumulation of extracellular mattix, influx of mononuclear
cells, glomerulosclerosis, and tubular fibrosis (Figure 1).

IL-10 IN ALLOGRAFT SURVIVAL/
REJECTION

Transplantation has become an accepted treatment for
end-stage renal disease. The major barrier of transplanta-
tion from genetically disparate donors is the process of
rejection, in which the recipient’s immune system recog-
nizes the graft as foreign tissue and attacks it. Allograft
rejection can occur through direct (cellular) or indirect
(humoral) pathways and is a complex process involving
both cell-mediated immunity and circulating antibodies.
The role of cytokines and the particular role of 1L.-10
and the I1.-10-induced signaling network in the develop-
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Mesangial cells proliferation

Accumulation of_ Influx of mononuclear
extracellular matrix cells

IL-10

Glomerulosclerosis

> Interstitial fibrosis
-
Cyst C TGF-B
.
EMT
Podocytes Tubular cells
Proteinuria

End-stage kidney disease

Figure 1 Interleukin-10 functions in the progression of renal failure. Interleukin-10 (IL-10) induces over-proliferation of mesangial cells that through an increased
synthesis and secretion of a variety of growth factors, cytokines and chemokines, evoke several pathologic processes, leading to progression of renal failure. An
increased secretion of components comprising the mesangial extracellular matrix results in its accumulation and is followed by the formation of fibrotic and sclerotic
lesions in the glomeruli. IL-10 induces the synthesis and activity of Cystatin C (Cyst C) and transforming growth factor-B (TGF-B). Cystatin C regulates tissue inflam-
mation and increases mesangial cell proliferation. Increased TGF-f3 levels act in parallel with IL-10 to promote fibrosis and glomerulosclerosis. In addition, the TGF-
B-induced epithelial-to-mesenchymal transition in podocytes leads to the appearance of proteinuria. The development of proteinuria aggravates the processes of
glomerulosclerosis and interstitial fibrosis and leads to end-stage kidney disease. EMT: Epithelial-to-mesenchymal transition.

ment and progtession of graft survival/rejection are sub- matory Thl cytokines, which appear in parallel with the
jects of intensive tesearch””®. Indeed, the 1IL-10-TGF-B accumulation of IL-10. It has been suggested that in this
pathway plays an important role in the progression of situation, the rise in IL-10 levels serves to regulate and

allograft fibrosis, while TGE-p is a potential therapeutic ~ limit the inflammatory responses'™”.

target for the prevention and therapy of fibrogenesis in
. i [76,81] ) .

kidney transplants - However, Whether 11.-10 pla}s.an IL-10 IN COMPENSATORY RENAL

overall helpful or detrimental role is not yet known. High

intra-graft 11.-10 expression was found in patients under- ~ GROWTH

going acute rejection[szl. In the case of chronic rejection,

The discovery of the compensatory renal growth process
is, without a doubt, the most important reason why the
expansion of kidney transplantation from live donors has
occurred in recent years. After removal of a single kidney,
the remaining kidney becomes enlarged, mainly through

poorer graft survival, which is generally associated with
evidence of interstitial fibrosis and tubular atrophy, is
accompanied by the up-regulation of 1L-10 gene expres-
sion®. TL-10 is also a stimulator of the immune system,

inducing the differentiation and proliferation of B cells, the hypertrophy of tubular cells, and compensates for the
thus leading the immune response toward the humoral loss of the contralateral organ within a short petiod of
pathway and enhancing antibody responses against the time. TGE-P has been suggested as the most important
graft™™. In contrast, IL-10 has a clear protective effect. factor causing tubular cell hypertrophy and therefore has
It has been shown that the up-regulation of the IL-10 a pivotal role in compensatory renal growth™. Although
gene in a rat model of kidney allograft rejection improves the tubular cells are the main site at which compensatory
renal function and prolongs allograft survival®. 1L.-10, renal growth takes place, studies from our group showed
when secreted by T-regulatory cells, suppresses antigen- that mesangial cells initiate compensatory renal growth
specific effector cell responses zia inhibition of pro- and control the degree of compensatory tubular cell hy-
inflammatory cytokine production[%]. Additional findings pertrophy by controlling I1.-10 to TGF-3 cross-talk™*,

show that an acute immune tesponse during graft rejec- Immediately after unilateral nephrectomy, the remain-
tion is associated with an over-expression of pro-inflam- ing kidney undergoes hyperfiltration. The changes in
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glomerular hemodynamics lead to a transient prolifera-
tion of mesangial cells, reaching a maximum at 24 h
after surgery; proliferation is then arrested within 72 h.
Proliferating mesangial cells secrete increased amounts
of many growth factors, including I1.-10. These growth
factors affect mesangial cells in an autocrine manner as
additional stimuli to over-proliferate, influence the con-
version of TGF-f from the latent to the active form, and
lead to increased TGF-f3 production. Among the resident
renal cell types studied, only mesangial cells secrete and
activate TGF—BWO’W. A reduction in mesangial cell pro-
liferation occurs in parallel with the appearance of renal
tubular cell hypertrophy. When TGF-§ accumulates to
sufficient levels, it induces tubular cells to undergo hyper-
trophy themselves and, in parallel, acts on mesangial cells
to inhibit their proliferation. Inhibition of mesangial cell
proliferation, in turn, reduces TGF-f3 levels and inhibits
compensatory tubular cell hypertrophy. TGF-3 secretion
may be affected by many growth factors, including an-
giotensin II, IGF-1, HGE, bFGE, TNF-a, EGF, PDGE,
and others, all of which are produced by the mesangial
cells™”. The importance of IL-10 in this process may
be underscored by the fact that the 7z vivo inhibition of
1L-10 production by mesangial cells leads to a significant
reduction in TGF-f} expression in the remaining kidney;
this is accompanied by an approximate 25% reduction
in remaining kidney weight and a significant decrease in
compensatory tubular cell hypertrophy™*!. Compensa-
tory renal growth is regulated by a variety of growth fac-
tors and cytokines that initiate proliferative, hypertrophic,
and apoptotic growth responses in the remaining kidneys.
These growth factors may act in concert, and despite
their apparent redundancy, they all must be present in
sufficient concentrations to support maximal growth of
the remaining kidney. Due to the interdependence be-
tween these cytokines, manipulation of the expression of
one of these may affect the entire compensatory growth
response in the remaining kidney.

In summary, 1L-10 gene expression and IL-10-
induced signaling pathways have an important role in the
regulation and maintenance of normal renal function.
Moreover, accumulating evidence further demonstrates
that abnormal IL-10 expression, whether transient or
prolonged, as well as interactions with other growth
factors as a response to diverse stimuli, is linked to the
appearance and progtression of a variety of kidney disor-
ders. It has thus been suggested that the selective target-
ing of 11.-10 expression and IL-10-related pathways may
provide therapeutic approaches for many kidney diseases.
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Abstract

Hematopoietic stem cell transplant (HSCT) is a stan-
dard treatment for many hematological malignancies.
Three different sources of stem cells, namely bone mar-
row (BM), peripheral blood stem cells (PBSC) and cord
blood (CB) can be used for HSCT, and each has its own
advantages and disadvantages. Randomized controlled
trials (RCTs) suggest that there is no significant survival
advantage of PBSC over BM in Human Leukocyte Anti-
gen-matched sibling transplant for adult patients with
hematological malignancies. PBSC transplant probably
results in lower risk of relapse and hence better dis-
ease-free survival, especially in patients with high risk
disease at the expense of higher risks of both severe
acute and chronic graft-versus-host disease (GVHD).
In the unrelated donor setting, the only RCT available
suggests that PBSC and BM result in comparable overall
and disease-free survivals in patients with hematologi-
cal malignancies; and PBSC transplant results in lower
risk of graft failure and higher risk of chronic GVHD.
High level evidence is not available for CB in compari-
son to BM or PBSC. The risks and benefits of different
sources of stem cells likely change with different con-
ditioning regimen, strategies for prophylaxis and treat-
ment of GVHD and manipulation of grafts. The recent
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success and rapid advance of double CB transplant and
haploidentical BM and PBSC transplants further compli-
cate the selection of stem cell source. Optimal selection
requires careful weighing of the risks and benefits of
different stem cell source for each individual recipient
and donor. Detailed counseling of patient and donor re-
garding risks and benefits in the specific context of the
patient and transplant method is essential for informed
decision making.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hematopoietic stem cell transplantation;
Bone marrow; Peripheral blood stem cell; Cord blood;
Hematological malignancy

Core tip: Randomized controlled trials (RCTs) suggest no
difference in survival between peripheral blood stem cell
(PBSC) and bone marrow (BM) in matched sibling trans-
plant for patients with hematological malignancies. PBSC
may result in fewer relapse in high risk patients but more
severe graft-versus-host disease (GVHD). For unrelated
donor, the only RCT suggests PBSC and BM result in
comparable survivals, with PBSC resulting in fewer graft
failure but more chronic GVHD. RCT is not available to
compare cord blood with BM or PBSC. The risks and ben-
efits of different sources of stem cells likely change with
transplant methods and manipulation of grafts.

Cheuk DKL. Optimal stem cell source for allogeneic stem cell
transplantation for hematological malignancies. World J Trans-
plant 2013; 3(4): 99-112 Available from: URL: http://www.
wjgnet.com/2220-3230/full/v3/i4/99.htm DOI: http://dx.doi.

org/10.5500/wjt.v3.i4.99

INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) is now
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Table 1 Comparison of bone marrow, peripheral blood stem cell and cord blood

BM PBSC CB
Typical time frame from initiation of search 3-6 mo 3-6 mo 2-4 wk
to transplantation
Usual volume 500-2000 mL 50-300 mL 25-150 mL
Adverse effects for donor Risks of wound infection, bleeding, Risks of bleeding, infection, throm- No

general anesthesia, etc.

Minimal cell dose for transplant

Red blood cell content High
Possibility to give additional stem cell dose Possible
Exposure to dimethyl sulfoxide No if fresh

Total nucleated cell: 2 x 10°/ kg

HLA matching requirement More stringent (7-8 out of 8
matched)

Speed of neutrophil engraftment About 3 wk

Speed of immune reconstitution Faster

Risk of graft-versus-host disease Medium

Risk of post-transplant infections Lower

Risk of latent virus transmission Higher

Possibility of CMV transmission
seropositive

Risk of relapse for high risk patients Higher

Higher as most donors are CMV ~ Higher as most donors are CMV

bosis, hypotension, electrolyte
disturbance, etc.

Total CD34" cell: 2x10°/kg ~ Total nucleated cell: 2.5 x 107/ kg

Low Low
Possible Impossible
No if fresh Yes
More stringent (7-8 out of 8 Less stringent (4-6 out of 6
matched) matched)
About 2 wk About 4 wk
Faster Slower
Highest Lowest
Lower Higher
Higher Lower
Lower as most CB units do not
seropositive harbor CMV
Lower Higher

PBSC: Peripheral blood stem cell; HLA: Human leukocyte antigen; BM: Bone marrow; CB: Cord blood; CMV: Cytomegalovirus.

established as a standard therapeutic modality for a va-
riety of malignant and non-malignant diseases. The first
successful allogeneic HSCT was done with bone marrow
(BM) as the source of hematopoietic stem cells in 1968'",
In the subsequent 2 decades only bone marrow was used
as the source of stem cells for transplantation. In the
1960s, experiments have shown that peripheral blood
contains a small number of stem cells”, which can be
entiched by pre-treatment with certain chemotherapeutic
drugs and hematopoietic growth factors” . Therefore
mobilized peripheral blood stem cells (PBSC) became
another stem cell source for HSCT and PBSC has been
increasingly used as it has certain advantages compared
with BM. In 1978, cotrd blood (CB) was found to be a
tich source of stem cells'! and was later successfully used
for allogeneic HSCT' at a lower cell dose infused com-
pared with BM or PBSC.

Nowadays transplant physicians are faced with 3 vi-
able choices of stem cells for allogeneic HSCT, namely
BM, PBSC and CB and clinicians have to face the chal-
lenges of selecting the optimal stem cell source. Although
all 3 sources of stem cells are capable of reconstituting
the hematopoietic system in recipient after transplant,
they have many inherent differences in cellular constitu-
ents and biological and immunological properties. In this
article we shall review the advantages and disadvantages
of different sources of stem cells and the available clini-
cal evidence that helps clinicians to make decision.

SELECTION AMONG DIFFERENT STEM

CELL SOURCES

Although BM, PBSC and CB all contain hematopoietic
stem cells, other constituents present in the harvest prod-
ucts before additional manipulation are quite different.
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Compared with unmanipulated BM, Granulocyte colony
stimulating factor-mobilized PBSC and cord blood con-
tain significantly lower amount of red blood cells (RBC)
and plasma. This has certain impact on the choice of
stem cell source when there is mismatch in blood group
between the donor and the recipient, as harvested donor
BM must be processed to deplete RBC or plasma or both
before infusion to recipient. However, depletion of RBC
or plasma is not required for PBSC or cord blood trans-
plants even when blood group is mismatched, as the rela-
tively low amount of RBC and RBC antibodies present in
these products are unlikely to cause significant hemolysis.
Another important difference among the sources of stem
cell is the amount of mature T cells present. PBSC usu-
ally contains a lot more mature T cells compared to BM,
which in turn contains more T cells compared to CB,
and this partly explains the differences in the risk of graft
rejection and graft-versus-host disease (GVHD). Deple-
tion of T cells is associated with increased risk of graft
rejection and disease relapse, but lower risk of GVHD.
The comparison of the characteristics of the 3 different
sources of stem cells is presented in Table 1.

We often have to consider and weigh the relative ben-
efits and risks before decision on the source of stem cells
for allogeneic HSCT. The selection of stem cell source is
often intertwined with the selection of donor. A suggest-
ed algorism for selection of donor and stem cell source
is given in Figure 1. One of the basic considerations for
allogeneic HSCT is whether a Human Leukocyte Anti-
gen (HLA)-matched related donor is available. Although
currently results of unrelated donor transplants of many
transplant centres are similar to that of matched related
donor transplants, the latter is still considered the first
choice for most allogeneic HSCTs, as the donor is read-
ily available for initial donation and subsequent back-
up, and might be associated with a lower risk of GVHD
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HLA-matched related
donor available?

Matched related

donor BM or PBSC! Transplant urgently needed?

Haploidentical donor
available?

Good experience with
haploidentical HSCT?

Matched unrelated donor
(7-8/8 or 9-10/10 HLA
allele matched) available?

Single or double cord
blood (4-6/6 HLA-
matched unrelated)

Haploidentical
PBSC or BM or both'

Cheuk DKL. Stem cell source for HSCT

Matched unrelated
donor BM or PBSC!

Figure 1 Suggested algorithm for selection of donor and source of stem cells for patients with hematological malignancies. ‘Need to consider pros and cons
of BM and PBSC in the context of donor preference, risk of relapse, conditioning regimen, graft-versus-host disease prophylaxis, and graft manipulations, etc. PBSC:
Peripheral blood stem cell; HSCT: Hematopoietic stem cell transplant; HLA: Human leukocyte antigen; BM: Bone marrow.

and transplant-related mortality (TRM). Therefore, if a
matched related donor is available, the choice of stem
cell source is simpler and often remains BM versus
PBSC, as related donor CB is unlikely to be available. The
transplant physician has to weigh the risks and benefits
to both the donor and the recipient, explain the differ-
ent procedures and experiences of stem cell collection to
the donor and help the donor to make informed choices.
Clinical evidence on different outcomes of recipients
transplanted with BM or PBSC presented below will
form important basis for the selection.

The donor’s perspective should be given due consid-
eration. A prospective study on donors’ experience of
BM or PBSC donation found that before donation, BM
donors had lower confusion, fewer concerns, and wete
more prepared for donation compared with PBSC do-
nors". Shortly after donation, BM donors experienced
more physical side effects than PBSC donors™. BM do-
nors also reported greater impact on their social activities,
but had better psychological status and were more likely
to indicate that the donation made their lives more mean-
ingfullsj. However, there were no significant longer-term
differences between BM and PBSC donors including re-
covery time™™.

In case HLLA-matched related donor CB with ad-
equate cell dose is available, relative benefits and risks
of CB in comparison to BM or PBSC also need to be
considered. If an HLLA-matched related donor is not

K
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available; we have to find an alternative donor, the choice
of which often includes mismatched family donor (in-
cluding HLLA-haploidentical donor), unrelated donor, or
unrelated CB. The selection usually depends heavily on
the urgency of transplant, HLA matching and cell dose
of CB available, and preference and experience of the
transplant centre. Unrelated CB and mismatched family
donor (BM or PBSC) are usually more readily available
compared to unrelated donor and therefore if transplant
needs to be done urgently, CB or mismatched family
donor is sometimes preferable. If HSCT is not urgently
required, unrelated donor BM or PBSC should be given
due consideration. Since the requirement for HLA
matching is less stringent for unrelated CB compared
to BM or PBSC, unrelated CB is preferable to unrelated
donor BM or PBSC if no 7-8/8 allele-matched unrelated
donor (or 9-10/10 allele-matched unrelated donor which
may be associated with even lower risks of TRM and
GVHD) is available, provided that the CB is at least 4/6
HLA-matched with adequate cell dose. If there is no
single CB with sufficient cell dose, use of double CB can
be considered. If transplant is not urgently required and
both good matched unrelated donor and unrelated CB
with adequate cell dose are available, other considerations
prevail, including the preference and experience of the
transplant centre, the patient’s disease status, the speed
of engraftment, risks of infections and GVHD, age, gen-
der and location of donor, ABO blood group matching,
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and cytomegalovirus (CMV) status, ez If the recipient is
CMV seronegative, CB transplant might be preferred as
it is less likely to transmit CMV infection and CMV sero-
negative donor might not be easily available. Good clini-
cal evidence guiding selection of stem cells for HSCT in
patients with hematological malignancies is summarized
in the following section.

CLINICAL EVIDENCE FOR SELECTION OF
STEM CELL SOURCE IN PATIENTS WITH
HEMATOLOGICAL MALIGNANCIES
HLA-matched related donor

There were a number of randomized controlled trials
(RCTs) comparing PBSC and BM as stem cell source in
transplants using HLLA-matched related donor for pa-
tients with hematological malignancies. They are summa-
rized in Table 2. There were no clinical trials comparing
HLA-matched related CB with either BM or PBSC.

Most of the RCTs comparing matched related donor
BM and PBSC transplantation for patients with hema-
tological malignancies found no significant differences

between the two stem cell source in important outcomes
including overall survival, disease-free survival, trans-
plant-related mortality, relapse, acute GVHD and chronic
GVHD. However, all trials showed significantly faster
neutrophil engraftment in PBSC transplants, and all but
one trial showed significantly faster platelet engraftment
in PBSC transplants, which may result in earlier hospi-
tal discharge for PBSC recipients[g’w] and lower cost for
PBSC transplantationm]. Lymphocyte recovery was also
found to be better in the PBSC group in one trial”,

There was one trial showing significantly better
overall survival at 30 mo in patients who received PBSC
compared with BM"". Yet another trial showed opposite
result, with better overall survival in BM recipients. How-
ever, in this trial CID34 selection was done before stem
cell infusion in both BM and PBSC products and PBSC
recipients happened to receive more CD34" cells and T
cells. Overall survival at 4 years was significantly worse in
the PBSC group compared with the BM group, largely
due to increased GVHD and TRM in PBPC recipients
receiving T-cells greater than 2 X 105/ kg, Acute GVHD
appeared strongly associated with increased TRM. Higher
number of CD34" cells was associated with less TRM.

Some trials showed significantly higher probability of
relapse in BM recipients than in PBSC recipients™* ",
which might translate into better disease-free survival in
PBSC transplants compared with BM transplants>'"”,
The differences in disease-free survival appeared more
pronounced among patients with higher risk malignan-
cies'"”. “High risk” or “late stage” hematological malig-
nancies usually include patients with acute leukemia in
second or later remission, CML in blastic transformation,
refractory anemia with excess of blasts in transformation,
and lymphoma heavily pretreated with chemotherapy or
autologous transplants.

K
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Some trials showed PBSC recipients had significantly
more grade 2-4 acute GVHD"™ " chronic GVHD!""
and extensive chronic GVHD!"""”! compared with BM re-
cipients, which resulted in significantly more patients who
underwent PBPC transplant needed immunosuppressive
treatment' >, and longer periods of corticosteroid use
and hospitalizationm]. There was no difference in perfor-
mance status, return to work, incidence of bronchiolitis
obliterans, hematopoietic function, and secondary malig-
nancies between the two groups in the long term in one
trial". In contrast, another trial showed that late mortal-
ity due to chronic GVHD was more frequent in PBSC
recipients compared with BM recipients'”,

There were 2 more RCTs that included a few patients
with severe aplastic anemia in addition to patients with
hematological malignancies”*”. One small trial of 30
patients found that PBSC transplant resulted in signifi-
cantly faster hematopoietic reconstitution, fewer days
with neutropenic fever, shorter hospital stay and fewer
acute GVHD (6.7% vs 46.7%)%. Another trial of 57
patients found that the PBSC and the BM groups had
similar overall survival at 18 mo (64% us 67%), speed to
neutrophil and platelet engraftment, and grade 2-4 acute
GVHD (54% vs 52%)". However, PBSC transplant
resulted in significantly more steroid refractory acute
GVHD (32% »s 0%), chronic GVHD (90% »s 47%), ex-
tensive chronic GVHD (80% »s 22%) and longer require-
ment for immunosuppressive therapy””.

A meta-analysis of 5 RCTs""*"** showed that PBSC
transplant had significantly higher risk of acute GVHD
(RR = 1.23, 95%CI: 1.05-1.45) and chronic GVHD (RR
= 1.37, 95%CI: 1.08-1.74) compared with BM trans-
plant[24]. A newer meta-analysis of 7 of RCTs"'*'%***
showed no difference in mortality between PBSC and
BM transplants (OR = 0.81, 95%CI: 0.62-1.05)*". How-
ever, mortality was significantly lower in PBSC recipients
compared with BM recipients in studies that included
more patients with intermediate or advanced disease (OR
= 0.64, 95%CI: 0.45-0.91)"". Subgroup analysis revealed
no significant association between mortality and CD34"
cell dose®™.

Another meta-analysis of individual data of 1111
patients from 9 RCTs (both published and unpublished)
found that there was no significant difference in over-
all survival between the PBSC and the BM groups but
disease-free survival was significantly higher in the PBSC
group (OR = 0.80, 95%CI: 0.67-0.97)*". Subgroup analy-
ses showed that both overall survival (OR = 0.64, 95%CI:
0.46-0.90) and disease-free survival (OR = 0.63, 95%CI:
0.45-0.87) were significantly better in patients with late
stage disease who received PBSC compared with BM*",
PBSC transplant led to significantly faster neutrophil en-
graftment (OR = 0.31, 95%CI: 0.25-0.38) and platelet en-
graftment (OR = 0.52, 95%CI: 0.44-0.61) compared with
BM transplantm. PBSC transplant was associated with a
significant increase in grade 3-4 acute GVHD (OR = 1.39,
95%CI: 1.03-1.88), chronic GVHD (OR = 1.92, 95%CI:
1.47-2.49), and extensive chronic GVHD (OR = 1.89,
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95%CI: 1.47-2.42), but a significant decrease in relapse
(OR = 0.71, 95%CI: 0.54-0.93) in both late stage disease
(OR = 0.59, 95%CI: 0.38-0.93) and early stage disease
(OR = 0.69, 95%CI: 0.49-0.98)*". Non-relapse mortality
was not significantly different between the PBSC and the
BM groupsm. A decision analysis based on meta-analysis
results”) demonstrated the superiority of PBSC over BM
in both overall and quality-adjusted life expectancyps].
However, BM was found to be the more appropriate
strategy if the 1-year relapse probability was below 5%,

The most recent meta-analysis which included 11
RCTsP 4182025200 £6u0d that PBSC and BM trans-
plants had comparable overall survival (HR = 1.06,
95%CI: 0.81-1.39), discase-free survival (HR =1.04,
95%CI: 0.83-1.30), and TRM (HR = 1.08, 95%CI:
0.56-2.10)"". PBSC transplant resulted in significantly
better neutrophil engraftment (HR = 2.08, 95%CI:
1.80-2.42) and platelet engraftment (HR = 2.77, 95%CI:
1.78-4.30), but significantly more grade 2-4 acute GVHD
(HR = 0.75, 95%CI: 0.63-0.90), grade 3-4 acute GVHD
(HR = 0.63, 95%CI: 0.47-0.84), chronic GVHD (HR =
0.70, 95%CI: 0.59-0.83), and extensive chronic GVHD
(HR = 0.60, 95%CI: 0.39-0.91). PBSC recipients had sig-
nificantly lower incidence of relapse (HR = 1.91, 95%CI:
1.34-2.74). A significant inverse relationship was observed
between acute GVHD and overall survival.

Unrelated donor
There was an RCT comparing PBSC and BM transplants
using HLLA-matched unrelated donors after myeloabla-
tive or reduced intensity conditioning in 551 patients with
hematological malignancies. There was no significant dif-
ference between the PBSC and the BM groups in 2-year
overall survival (51% vs 46%), 2-year disease-free survival,
relapse, or acute GVHD™. However, PBSC transplant
resulted in significantly lower risk of graft failure (3% o5
9%) and higher risk of chronic GVHD (53% us5 41%), es-
pecially extensive chronic GVHD (48% 5 32%)™. How-
ever, another recent non-randomized study found that
children who received PBSC or BM did not differ sig-
nificantly in the incidence of acute and chronic GVHD,
which might be related to the use of anti-thymocyte
globulin as GVHD prophylaxism. The result indicates
that more intensive GVHD prophylaxis is required in
PBSC transplant and this might abrogate the difference
in GVHD risk between PBSC and BM transplants.
There was no RCT comparing unrelated CB with
either BM or PBSC but many non-randomized compara-
tive studies were available. In a meta-analysis™ of 10
non-randomized clinical trials™*" comparing unrelated
BM and unrelated CB for HSCT in children and adults
with malignant and non-malignant hematological diseas-
es, it was found that BM transplant resulted in significant-
ly better overall survival (HR = 1.28, 95%CI: 1.13-1.44)
and TRM (RR = 1.28, 95%CI: 1.03-1.58)"". However,
CB transplant resulted in significantly lower grade 2-4
acute GVHD (RR = 0.73, 95%CI: 0.64-0.82) and chronic
GVHD (RR = 0.70, 95%CI: 0.51-0.97) compared with
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BM transplant[34]. There was no significant difference in
the risk of relapse.

There was a large non-randomized study not included
in the above meta-analysis comparing unrelated CB with
BM and PBSC in 1525 patients with acute leukemia™.
Leukemia-free survival in CB transplant was comparable
with that after 7-8/8 allele-matched BM or PBSC trans-
plantw. However, TRM was significantly higher after CB
transplant than after 8/8 allele-matched BM transplant
(HR = 1.69, 95%CI: 1.19-2.39) or PBPC transplant (HR
= 1.62, 95%CI: 1.18—2.23)[45]. Grade 2-4 acute and chron-
ic GVHD were significantly lower in CB recipients com-
pared with 7-8/8 allele-matched PBPC recipients (HR =
0.57, 95%CI: 0.42-0.77 and HR = 0.38, 95%CI: 0.27-0.53,
respectivel}f)[45]. Chronic but not acute GVHD was sig-
nificantly lower after CB transplant than after 8/8 allele-
matched BM transplant (HR = 0.63, 95%CI: 0.44-0.90)"",
There was no difference among the stem cell sources in
the rate of relapsem].

One comparative study performed disease-specific
analysis of the difference between CB transplant and BM
transplant in 484 patients with AML and 336 patients
with ALL after myeloablative conditioning[44]. Among
AML patients, CB recipients had significantly lower over-
all survival (HR 1.5, 95%CI: 1.0-2.0) and leukemia-free
survival (HR = 1.5, 95%CI: 1.1-2.0) compared with BM
recipientsw. TRM and relapse did not differ significant-
1y, Among ALL patients, there was no significant dif-
ference between the groups in overall survival, leukemia-
free survival, TRM, and relapsew.

Another study compared unrelated CB transplants
with unrelated donor BM or PBSC transplants in adults
with ALL in first or second complete remission'™. This
study found no significant differences in the 3-year
overall survival between CB (44%), matched (44%) and
mismatched (43%) unrelated donor transplants. CB
transplants had significantly slower engraftment and less
grade 2-4 acute but similar chronic GVHD, disease-free
survival, TRM, and relapse[%].

OTHER IMPORTANT CONSIDERATIONS
Double cord blood

In case a single CB unit has insufficient cell dose, 2 CB
units can be used, but both are preferably at least 4/6
HILA-matched with the recipient and with each other,
and together provide sufficient cell dose. Non-random-
1zed studies comparing double CB transplant with single
CB transplant in patients with hematological malignan-
cies usually found that double CB transplant was associ-
ated with higher incidence of grade 2 acute GVHD"™
and lower incidence of leukemia relapsems’m’s”ﬂ, but

there was no significant difference in overall survival,
disease-free survival, chronic GVHD and engraftment
times""*>*>** However, recently one study found
superior overall survival and disease-free survival in ad-
dition to lower relapse in patients who received double

CB compared with single CB transplant, although TRM
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and chronic GVHD were not significantly different™”,

Double CB transplant was also found to be more cost-
effective in terms of quality adjusted life years in adults
with acute leukemia in first remission in France!®. On
the other hand, intrabone injection of single CB might
be associated with faster engraftment (median 23 »s 28 d)
and lower cumulative incidence of relapse (25% vs 29%)
compared with intravenous double CB transplant".

There were some non-randomized studies compat-
ing double CB transplant with BM or PBSC transplant
from other donors. One study on 536 patients with he-
matological malignancies transplanted with myeloablative
conditioning found that 5-year leukemia-free survival
was similar in double CB transplant (51%) and other
types of donors (either BM or PBSC), including matched
related donor (33%), matched unrelated donor (48%),
and mismatched unrelated donor (38%)". Non-relapse
mortality was highest for double CB (34%), compared
with matched related donor (24%), matched untelated
donor (14%), or mismatched unrelated donor (27%)",
However, the risk of relapse was lowest in recipients of
double CB (15%), compared with matched related donor
(43%), matched unrelated donor (37%), or mismatched
unrelated donor (35%)[62]. The risks of grade 2-4 acute
GVHD and chronic GVHD were also the lowest for
double CB (60% and 26%), compared with matched
related donor (65% and 47%), matched unrelated donor
(80% and 43%), or mismatched unrelated donor (85%
and 48%)"”.

Another study on 367 patients with hematological
malignancies after myeloablative or non-myeloablative
conditioning found that 2-year overall survival, progres-
sion-free survival, TRM and grade 2-4 acute GVHD were
not significantly different in double CB transplant (65%,
55%, 25% and 43%) as compared to related donor trans-
plant (70%, 66%, 15%, and 27%) and unrelated donor
transplant (62%, 55%, 27%, and 39%)[63]. However, late
acute ot chronic GVHD was significantly lower in double
CB transplant (28%) as compared to related donor trans-
plant (31%) and unrelated donor transplant (44%)".

A third study compared double CB transplant with
9/10 mismatched unrelated donor BM or PBSC trans-
plants with reduced intensity conditioning for patients
with hematological malignancies and found that double
CB transplant was associated with lower incidence of
extensive chronic GVHD at 2 years compared with unre-
lated donor transplant (6.4% vs 21.4%) " However, both
groups were comparable for 2-year overall survival (47.9%
vs 52.3%), progression-free survival (43.3% »s 38.3%),
TRM (26% vs 24.2%), relapse (34.3% vs 37.6%), grade 3-4
acute GVHD (19.1% »s 21.4%), and neutrophil engraft-
ment time (median 17 2 16 d)'*.

There were 3 studies comparing double CB transplant
with unrelated donor PBSC transplants after reduced in-
tensity conditioning for adult patients with hematological
malignancies. The study by Le Bourgeois found that the
2 groups had similar 2-year overall survival (61% »s 62%),
disease-free survival (50.5% »s 59.0%), relapse incidence
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(23.0% s 35.5%), cumulative incidences of engraftment,
grade 2-4 acute and chronic GVHD". However, double
CB recipients had significantly higher median time to
platelet recovery (38 »s 0 d), early mortality before day
+100 (20.5% »s 4.0%), and 2-year TRM (26.5% »s 6.0%)
compared with PBSC recipients[65]. The presence of a
lymphoid disorder was associated with a significantly
higher overall survival®. The study by Chen found that
the 3-year overall survival and progression-free survival
were comparable between double CB and PBSC trans-
plant (46% »s 50% and 30% »s 40%, respectively), but the
cumulative incidence of TRM was significantly higher in
double CB transplant (26.9% 5 10.4%)"*". The cumulative
incidence of grade 2-4 acute GVHD was not significantly
different but the 2-year cumulative incidence of chronic
GVHD was significantly lower in double CB transplant
compared with PBSC transplant (21.9% vs 53.9%)".
The study by Jacobson found that there was no signifi-
cant difference between double CB transplant and PBSC
transplant in 2-year overall survival (66% »s 68%), pro-
gression-free survival (49% vs 57%), TRM (11% s 11%),
relapse (40% »s 32%) and grade 2-4 acute GVHD (21%
25 129", Double CB recipients had significantly more
infections (69% vs 33%), both viral (29% »s 1%) and bac-
terial (50% vs 8%) infections, but significantly less chronic
GVHD (24% s 54%)"". Reconstitution of T cells was
significantly delayed in double CB recipients compared
with PBSC recipients for 1-6 mo post-transplant, includ-
ing naive and memory CD4" T cells, regulatory T cells,
and CD8" T cells”. In contrast, B cells recovered more
rapidly in double CB recipients and B cell number re-
mained significantly greater at 3-24 mo post—transplantm.
Natural killer (NK) cells also recovered more rapidly in
double CB recipients and remained significantly greater

at 1-24 mo post—transplant[(’ﬂ.

Haploidentical donor

HILA-haploidentical related donor is an important alter-
native if no matched related donor is available!™. Either
PBSC or BM can be the stem cell source for haploi-
dentical transplant. Positive selection of CD34" stem
cells from harvested PBSC and infusion of high doses
of stem cells successfully overcame HLA barrier with
good engraftment rate and low incidence of GVHD'"™,
Leukemia-free survivals and relapses were better in trans-
plants performed in larger centers””, and in transplants
with natural killer cell killer immunoglobulin like recep-
tor (KIR) mismatch™. However, infection risk was high
as immunoreconstitution was slow with purified CD34"
cells. Subsequently, negative stem cell selection with
depletion of CD3" T cells with or without depletion of
CD19" B cells achieved similar success of engraftment
without excessive GVHD, with myeloablative or reduced
intensity conditioning[g]’gﬂ. Immune recovery with this
method was notably faster with reduced infections'®*>*,
Unmanipulated T cell replete PBSC and/or BM products
could also achieve reasonably good results with intensive
GVHD prophylaxis or post-transplant cyclophospha-
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mide, despite presence of large amount of T cells®™.

A non-randomized comparative study of T cell depleted
with T cell replete haploidentical transplants for adult
patients with hematological malignancies found that T
cell replete transplant resulted in significantly better 1-year
overall survival (64% »s 30%), progression-free survival
(50% w5 21%), lower TRM (16% vs5 42%), chronic GVHD
(7% vs 18%), and infections, with better reconstitution of
T cell subsets””

Evolving modifications might further improve out-
comes of haploidentical HSCT, such as post-transplant
CD8-depleted donor lymphocyte infusion, which could
ra, Post-transplant infu-
sion of regulatory T cells could also promote lymphoid

promote immune reconstitution

reconstitution with improved immunity to opportunistic
pathogens, while preventing GVHD in the absence of
any post-transplant immunosuppression, and preserv-
ing the graft-versus-leukemia effect”™. Coinfusion of
mesenchymal stromal cells could facilitate engraftment
without increasing leukemia recurrence after haploidenti-
cal HSCT"""'"”. Combining PBSC and BM might also
improve engraftment, and reduce TRM""™ and relapse"™.
Suicide-gene-engineered donor lymphocytes might accel-
erate immune reconstitution while limiting GVHD"™>"",
Selective photodepletion of alloreactive T cells could
also enhance immunoreconstitution while preventing
GVHD"™. Ex viro induction of anergy to recipient al-
loantigen by costimulation blockade was another strategy
to limit GVHD"". Depletion of T cell receptor alpha-
beta positive T cells while retaining gammadelta T cells
may reduce GVHD while preserving anti-infective and
anti-tumor effects’ . A two-step approach in which the
lymphoid and myeloid portions of the graft are given in
two separate steps to control and optimize T cell dosing
may further improve results with robust immunorecon-
stitution, low GVHD and better disease control "',

There are some non-randomized studies comparing
haploidentical PBSC or BM transplants with other types
of donor or stem cell source. The Blood and Marrow
Transplant Clinical Trials Network conducted 2 mul-
ticentre trials for patients with leukemia or lymphoma
undergoing reduced intensity conditioning allogeneic
transplants and found that haploidentical transplant and
double CB transplant had comparable 1-year overall sur-
vival (62% vs 54%), 1-year progression-free survival (48%
vs 46%), neutrophil engraftment (96% vs 94%), and grade
2-4 acute GVHD (32% 25 40%)""Y. One-year cumulative
TRM was lower in haploidentical transplant compared
with double CB transplant (7% »s 24%), but relapse rate
was higher (45% vs 31%)[“3].

CONCLUSION

In conclusion, existing high level evidence suggest that
there is no significant advantage of PBSC over BM in
HILA-matched sibling transplant for patients with hema-
tological malignancies. PBSC transplant probably results

in lower risk of relapse and hence better disease-free sur-
vival, especially in patients with high risk or late stage dis-
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case at the expense of higher risks of both severe acute
and chronic GVHD. Existing data are insufficient or
inconclusive for firm conclusions in specific subgroups
such as a particular disease entity, conditioning regimen
or in children. High level evidence is scarce in the unre-
lated donor setting, The only RCT available suggests that
PBSC and BM result in comparable overall and disease-
free survivals in patients with hematological malignancies;
and PBSC transplant results in lower risk of graft failure
but higher risk of chronic GVHD. High level evidence
1s lacking for CB in comparison to BM or PBSC. The
risks and benefits of different sources of stem cells likely
change with different conditioning regimen, strategies
for prophylaxis and treatment of GVHD and manipula-
tion of grafts. The recent success and rapid advance of
double CB transplant and haploidentical BM and PBSC
transplants further complicate the selection of optimal
stem cell source. Novel therapies for treatment and pro-
phylaxis of GVHD also minimize the key differences be-
tween stem cell sources. Advances in graft manipulation
and cellular therapies might change the whole paradigm
making stem cell source selection less critical, ¢g., stem
cell enrichment could facilitate engraftment, specific and
highly selective depletion of certain lymphocyte subsets
and alloreactive cells could minimize GVHD, infusion of
mesenchymal stem cells could facilitate engraftment and
reduce GVHD, titrated T cell dosing and NK cell therapy
might reduce relapse. Detailed counseling of patient and
donor regarding risks and benefits in the specific context
of the patient and transplant method is of paramount
importance for informed decision making;
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Abstract

Our understanding of transplant immunology has ad-
vanced from gross allograft rejection to cellular response
and to current molecular level. More sensitive assays
have been developed to characterize patient sensitiza-
tion and to detect pre-existing donor-specific antibodies
(DSA) in pre-transplant crossmatch. After a transplant,
pre-existing or ge novo DSA are increasingly monitored
to guide clinical management. Therefore, it is important
for clinicians to understand the basic concepts and key
components of transplant immunology as well as be
familiarized with the modern immunological techniques
used in kidney transplantation.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Alloimmune response; Major histocompat-
ibility complex; Human leukocyte antigens; Co-stimu-
lation pathway; Panel reactive antibody; Donor specific
antibody; Non-human leukocyte antigens antibody;
Crossmatch

Core tip: The alloimmune response is initiated by T-cell
recognition of alloantigens through direct or indirect
pathways. Three signal models have been established
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during T-cell activation, which subsequently produces
various effector T-cells and antibody production. Sen-
sitive crossmatch is routinely performed before kidney
transplant to detect any significant donor-specific anti-
bodies, so that hyperacute rejection can be eliminated.
Solid phase based Luminex assay can further charac-
terize human leukocyte antigens antibodies before and
after kidney transplant to guide our clinical practice.

Kumbala D, Zhang R. Essential concept of transplant immunol-
ogy for clinical practice. World J Transplant 2013; 3(4): 113-118
Available from: URL: http://www.wjgnet.com/2220-3230/full/
v3/i4/113.htm DOIL: http://dx.doi.org/10.5500/wjt.v3.i4.113

INTRODUCTION

When a foreign organ, such as a kidney, is transplanted
into a non-identical individual of the same species, the
organ is called an allograft. The immune response from
the recipient to the allograft is termed an alloimmune re-
sponse, which is initiated by T-cell recognition of alloan-
tigens (commonly known as allorecognition). Allorecog-
nition is the first step of a series of complex events
that leads to T-cell activation, antibody production, and
allograft rejection'”. This review will summarize the key
concepts of transplant immunology and modern immu-
nological assays, which are essential in our clinical practice.

MAJOR HISTOCOMPATIBILITY
COMPLEX/HUMAN LEUKOCYTE

ANTIGENS MOLECULES

The major histocompatibility complex (MHC) genes code
the strongest transplant antigens. In humans, these MHC
molecules are called human leukocyte antigens (HLLA) and
the genetic region is located on the short arm of chromo-
some 6. Each parent provides a haplotype (a linked set of

December 24, 2013 | Volume 3 | Issue4 |
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MHC genes) to each offspring in Mendelian co-dominant
inheritance. There are two classes of MHC or HLLA mol-
ecules, viz. Class I molecules and Class II molecules.
Class I molecules (HLA-A, -B, and -C) are composed of
a polymorphic heavy chain (o chain, 44 kDa) and a non-
polymorphic light chain (2 microglobulin, 12 kDa).
They atre expressed on all nucleated cells-and generally
present endogenous small antigens (typically 9 to 11 ami-
no acids), such as viruses and self-protein fragments, in
the context of self-MHC to CD8" T. Class II molecules
(HLA-DP, -DQ), and -DR) are composed of a polymor-
phic ¢ chain (35 kDa) and a 3 chain (31 kDDa). They are
constitutively expressed only on professional antigen-
presenting cells (APC), including dendritic cells, macro-
phages, and B-cells. Their expression may be upregulated
on epithelial and vascular endothelial cells after exposure
to pro-inflammatory cytokines. Class II molecules pres-
ent relatively larger antigens (12 to 28 amino acids), de-
rived from extracellular proteins to CD4" T-cells"™. The
degree of HLLA mismatch between donor and recipient
plays a role in determining the risk of chronic rejection
and graft loss. HLA-A, -B, and -DR (3 pairs, 6 antigens)
are traditionally used for typing and matching before kid-
ney or pancreas transplant. HLA-Cw, -DP, and -DQ are
now increasingly typed and used in many transplant cen-
ters. For kidney transplants, the long-term graft survival
is best in HLLA-identical living related kidney transplants.
The major impact comes from the match of the DR
antigen, and the order of importance for HLA match in
kidney transplant is DR > B > Al

NON-HLA ANTIGENS/ANTIBODIES

Acute and chronic graft rejection can occur in HLA-
identical sibling transplants, indicating the presence of
immune response to non-HLA antigens. There are several
non-HLA antigens and their antibodies detived from ei-
ther alloimmunity or autoimmunity have been reportedls’éj.

ABO blood group antigens

ABO blood group antigens are not only expressed on red
blood cells, but also on vascular endothelial cells and oth-
er cells. ABO incompatible organ transplants cause hy-
peracute rejection due to the presence of the preformed
hemagglutinin A and/or B antibody. ABO compatibility
between donor and recipient are essential for organ trans-
plant, similar to red blood cell transfusion. Desensitiza-
tion protocols to remove the preformed hemagglutinin
A and/ot B from recipient citculation have been used for
ABO incompatible kidney transplants“’”. The rhesus fac-
tor and other red cell antigens are not relevant to organ
transplant, as they are not expressed on endothelium.

Minor histocompatibility antigens

Minor histocompatibility antigens (MiHA) are small en-
dogenous peptides that occupy the antigen-binding site of
donor MHC molecules. They are generally recognized by
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CD8" cytotoxic T-cells in the context of selt-MHC, which
leads to graft rejection. In bone marrow transplant, MiHA
play an important role in graft-ss-host disease in patients
who have received HLA-matched cells"”, H-Y MiHA is
encoded by the Y chromosome in males and can induce
alloimmune response when a male organ is transplanted
into a female recipientm. MHC class 1 related chain A and
B (MICA and MICB) are also expressed on endothelial
cells. Antibodies against MICA and/or MICB can cause
antibody-mediated rejection (AMR) and graft loss'"”.

Other reported antibodies causing graft rejection
include anti-angiotensin-2 receptor, anti-glutathione
S-transferase T1, and anti-endothelial antibodies"' ™"\,
Anti-endothelial antibody can be detected by using donor
monocytes for crossmatch!”. Some minor transplant
antigens may come from mitochondrial proteins and
enzymes. As our knowledge in transplant immunology
advances, there will likely be more alloreactive and auto-
reactive antibodies to uncovet.

ALLORECOGNITION PATHWAYS

Allorecognition can occur by one of three pathways:
direct, indirect, and semi-direct’*'". In the direct path-
way, recipient’s T-cells recognize intact allogeneic HLLAs
expressed by donor cells. In the indirect pathway, T-cells
recognize peptides derived from donor HLLAs presented
by recipient APC. In the semi-direct pathway, recipient
dendritic cells or other APC acquire intact HLAs from
donor cells and present them to recipient T cells. The
direct and indirect pathways are well understood in organ
transplantation; the semi-ditect pathway is not of clinical
importance. The direct pathway is very important in the
immediate post transplant period. Without appropriate
immunosuppression, a strong and effective alloresponse
would follow, which is primarily due to the high number
of recipient T-cells that will recognize the graft antigens

and cause acute cellular rejection. While the indirect
pathway of allorecognition may also participate in acute
rejection, it is usually predominant in the late onset of
rejection, and especially chronic rejectionmm, As long
as the allograft is present in the host, the recipient APCs
can pick up the alloantigen shed from the graft and start
alloimmune response. Therefore, maintenance immuno-
suppression is required for the lifetime of the allograft to
prevent late rejection and chronic rejection.

THREE-SIGNAL MODEL OF T-CELL
ACTIVATION

T-cell activation is the key process of allograft rejection.
T-cells recognize alloantigen through T-cell receptors
(TCR). The initiation of intracellular signaling requires
additional peptides known as CD3 complex, and the
antigen-specific signal (signal 1) is transduced through
the TCR-CD3 complex™. Two signals are needed for
complete T-cell activation (Figure 1). The second co-
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Figure 1 The 3-signal model of T cell activation. MHC: Major histocompat-
ibility complex; HLA: Human leukocyte antigens; IL: Interleukin; TCR: T-cell
receptors; NFAT: Nuclear factor of activated T cells; mTOR: Mechanistic target
of rapamycin.

stimulatory signal depends on the receptor-ligand interac-
tions between T-cells and APCs (signal 2). Numerous co-
stimulatory pathways have been described and blockage
of these pathways can lead to antigen-specific inactivation
or death of T-cells"™™. The best-studied ones are the
CD28-B7 and CD154-CD40 pathways. CD28 and CD154
are expressed on T-cells, and their ligands B7 and CD40
are expressed on APCs. CD28 has two ligands, B7-1
(CD80) and B7-2 (CD86). T-cells also express cytotoxic
T-lymphocyte associated antigen-4 (CTLA-4), which
is homologous to CD28 and has a higher affinity than
CD28 to bind B7. However, when CTLA-4 binds B7 (both
CD80 and CD80), it produces an inhibitory signal to ter-
minate T-cell response. This unique interaction leads to
the clinical development of a fusion protein CTLA-4-Ig
(belatacept) as a novel immunosuppressive medication"”
CD154-CD40 blockages have also been shown to prevent
allograft rejection in animal models, including anti-CD154
antibody and molecules that target CD40",

The combination of signal 1 and 2 activates three
downstream signal transduction pathways: the calcium-
calcineurin pathway, the RAS-mitogen activated protein
kinase pathway, and the IKIK-nuclear factor kB (NF-xB)
pathway. These three pathways further activate transcrip-
tion factors including the nuclear factor of activated T
cells, activated protein-1, and NF-kB, respectively. Several
new molecules and cytokines including CD25, CD154, in-
terleukin (IL)-2, and IL-15 are subsequently expressedm].
IL-2 and IL-15 deliver growth signals (signal 3) through
the mammalian target of rapamycin pathway and phos-
phoinositide-3-kinase pathway, which subsequently trig-
ger the T-cell cycle and proliferation (Figure 1). The fully
activated T-cells undergo clonal expansion and produce
a large number of cytokines and effector T-cells, which
eventually produce CD8" T-cell mediated cytotoxicity,
help macrophage-induced delayed type hypersensitivity
response (by CD4"Th1), and help B cells for antibody
production (by CD4"Th2). A subset of activated T-cells

becomes the alloantigen-specific memory Tocells221.
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B LYMPHOCYTES

B-cells express clonally restricted antigen-specific recep-
tors as immunoglobulins on their surfaces. When these
receptors bind donor HLA antigens in the context of as-
sistance from helper T-cells (CD4 Th2), B-cells are acti-
vated. They then divide, differentiate, and become plasma
cells to secret antibodies. Some activated B-cells become
memory B-cells®?Y, The helper T-cells may facilitate
B-cell activation either through intimate membrane con-
tact involving a variety of receptors and ligands (such as
CD40:CD154) or through the secreted soluble cytokines
(such as IL-4)"*** These HLA antibodies bind anti-
gens and can cause graft injury either by activating the
complement cascade [complement-dependent cytotoxic-
ity (CDC)] or via Fc receptor on natural killer (NK) cells,
neutrophils, and eosinophils (antibody-dependent cellular
cytotoxicity)™'. In addition producing antibodies, B-cells
are also APCs. B-cells can present allograft-derived anti-
gens to T-cells for T cell activation through the indirect
pathway of allorecognition' ™,

INNATE AND ADAPTIVE IMMUNE
RESPONSES IN GRAFT REJECTION

Innate immunity refers to the nonspecific natural im-
mune system that involves macrophages, neutrophils,
NK cells, cytokines, toll-like receptors, and complement
components””, Alloimmune is an adaptive immunity that
involves recognition of alloantigen and confers antigen
specificity and memory by T and B cells as discussed
above. However, alloimmune response not only produces
specific effector T cells and antibodies, but also secretes
chemokines and cytokines, which recruit components of
the innate immune system, such as complement activa-
tion and leukocyte migration from the circulation into a
site of inflammation" ™. On the other hand, ischemic in-
jury of the allograft initially activates the innate immune
response, which leads to increased antigen presentation
to T-cells by up-regulating the expression of class II
HILAs, adhesion molecules, and cytokineslz’ﬂ. Therefore,
the innate and adaptive immune responses are closely in-
terrelated and both play important roles in allograft rejec-
tion and rejection-associated tissue damage.

SENSITIZATION AND PANEL REACTIVE
ANTIBODY

Human sensitization is defined by the presence of an-
tibodies in the recipient’s blood against a panel of se-
lected HLA antigens representing donor population. It
is reported as the percent panel reactive antibody (PRA).
PRA estimates the likelihood of positive crossmatches to
potential donors™¥. The higher the PRA level, the lower
the chance of receiving a compatible kidney and longer
the waiting time on the kidney waitlist, previous exposure
to HLA antigens. Sensitization is caused by previous ex-
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posure to HLLA antigens, usually through previous organ
transplant(s), pregnancy or blood transfusion particulatly
relevant is the exposure of women to their partner’s
HLA during pregnancy. This results in direct sensitiza-
tion against the partner, potentially making the partner
and/or their child an unsuitable donor. The percent PRA
in an individual patient may vary from one testing date to
another secondary to either a change in antibody titers, or
a change in the usage of HLA antigens in the assay. The
technology of PRA assay has advanced from the initial
CDC assay, to the enzyme-linked immunoabsorption
(ELISA), to the current multiplexed particle-based flow
cytometry (Luminex). Single antigen beads are increas-
ingly used to characterize the preformed HLA antibodies
before transplant as well as any de novo development of
HLA antibodies (donor-specific antibodies, DSA) after

transplant’,

CROSSMATCH AND DSA

Solid phase based ELISA or Luminex assay can detect
and characterize the preformed HLA antibodies in an in-
dividual patient. The corresponding antigens are consid-
ered unacceptable for that patient, and in the unites states
of America (United States), they are listed into the Unit-
ed Network of Organ Sharing database. A patient will
not be offered a kidney from the deceased donor who
expresses an unacceptable HLLA antigen (positive virtual
crossmatch). Only those patients whose HLA antibodies
are not donor directed will appear on the match run (neg-
ative virtual crossmatch). Such “virtual crossmatch” can
improve efficiency of organ allocation by decreasing the
risk of positive crossmatch before transplant[zq. When a
potential donor is identified, a final crossmatch with fresh
serum from recipient and lymphocytes from donor has
to be performed to rule out any preformed DSA, which
can produce hyperacute AMR. The final crossmatch must
be negative to proceed with kidney transplantation. The
two commonly used tests for evaluation of kidney trans-
plant eligibility are CDC crossmatch and flow cytometry
crossmatch (FCXM). The choice of which crossmatch
test to perform remains a controversial issue. Individual
transplant programs, according to center experience and
availability, usually determine it.

T-cells express HLA class I antigens only, while B-cells
express both HLA class | and class II antigens. Further-
mote, B-cells express HLA class | antigens at quantitative-
ly greater level than on T-cells. T-cell positive crossmatch
is considered as true and significant sensitization with
DSA against HLA class 1 antigens. T-cell negative/B-cell
positive crossmatches may represent either HLA class II
antibodies or low titers of HLA class 1 antibodies. T-cell
positive/B-cell negative results are likely due to presence
of non-HLA antibodies'”.

CDC CROSSMATCH

The donor lymphocytes (T-cells, B-cells, or mixed) are
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isolated from blood or lymph nodes, and placed in wells.
The recipient serum is then added along with rabbit com-
plement. The cytotoxicity is determined by counting the
lyses of lymphocytes compatred with a control. It is usual-
ly modified by addition of antihuman globulin to increase
the sensitivity (AHG-CDC), as antithuman globulin can
induce cross-linking of antibodies and increase the visual
cytotoxicity. If the initial CDC crossmatch is positive, it
will be repeated with the addition of dithiothreitol (DTT),
which reduces the disulfide bonds of immunoglobulin
(Ig)M if it is present. Initial positive and repeated DTT
positive tests indicate the presence of DSA of IgG rather
than IgM. IgM antibodes are generally not considered to
be real sensitization. Kidney transplantation should not
proceed if there is evidence of a positive crossmatch sec-
ondary to a cytotoxic IgG anti-HLA antibody. However,
there are various desensitization protocols that can be
used to remove the preformed DSA to achieve negative
final crossmatch for HLA incompatible transplants if a
living donor is involved” "\

FCXM

Donor T and B-lymphocytes are isolated and mixed with
recipient serum. A fluorescence labeled antthuman IgG
is then added. The cells that bind any recipient antibodies
are stained with fluorescence labeled antihuman IgG and
cause the channel shifts in fluorescent intensity. FCXM is
much more sensitive than CDC or AHG-CDC in detect-
ing low level of antibodies. Non-cytotoxic antibodies can
also be detected with FCXM since it does not depend on
the complement activation of antibody. The significance
of non-complement activating or non-cytotoxic antibod-

ies in-vivo is unclear. Single antigen bead (Luminex) can
be used to further characterize any DSA presence and to
determine if the DSA is responsible for the channel shift
in the flow crossmatch!"”.

Again, these two crossmatches differ in the degree of
sensitivity. Conservative transplant programs may choose
sensitive FCXM, which will significantly reduce the in-
cidence of post-transplant AMR. However, it may also
be too sensitive in that clinically irrelevant antibodies are
detected. Consequently, some viable transplant oppoz-
tunities are potentially lost. Crossmatch tests can also be
performed with the recipient’s previous sera. The scenario
of current sera negative, historical sera positive suggests
previous antibodies may have waned in titer. But the spe-
cific memory B-cells could rapidly expand and produce
the antibodies when re-exposed to the specific alloantigen.
Although this is not considered as a contraindication for
transplantation, it does increase the risk of AMR after
transplant. Close monitoring of DSA titer and more im-
munosuppression is usually recommended.

CONCLUSION

The alloimmune response is initiated by T-cell recogni-
tion of alloantigens through direct or indirect pathways.
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Three signal models have been established during T-cell
activation, which subsequently produces various effector

T-cells and antibody production. Sensitive crossmatch is
routinely performed before kidney transplant to detect
any significant DSA, so that hyperacute rejection can be

climinated. Solid phase based Luminex assay can further
characterize HLA antibodies before and after kidney
transplant to guide our clinical practice. In addition to the
traditional anti-HLLA antibodies, alloreactive and auto-
reactive antibodies against non-HLA antigens have now

been increasingly recognized to play an important role in

humoral rejection of allograft.
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Abstract

Chagas cardiomyopathy still remains a challenging
problem that is responsible for high morbidity and
mortality in Central and Latin America. Chagas disease
disrupts blood microcirculation via various autoim-
mune mechanisms, causing loss of cardiomyocytes
and severe impairment of heart function. Different
cell types and delivery approaches in Chagas Disease
have been studied in both preclinical models and
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clinical trials. The main objective of this article is to
clarify the reasons why the benefits that have been
seen with cell therapy in preclinical models fail to
translate to the clinical setting. This can be explained
by crucial differences between the cellular types and
pathophysiological mechanisms of the disease, as well
as the differences between human patients and ani-
mal models. We discuss examples that demonstrate
how the results from preclinical trials might have
overestimated the efficacy of myocardial regeneration
therapies. Future research should focus, not only on
studying the best cell type to use but, very impor-
tantly, understanding the levels of safety and cellular
interaction that can elicit efficient therapeutic effects
in human tissue. Addressing the challenges associated
with future research may ensure the success of stem
cell therapy in improving preclinical models and the
treatment of Chagas disease.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Chagas Disease; Preclinical; Stem cell;
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Core tip: The manuscript discusses examples that dem-
onstrate how the results from preclinical trials might
have overestimated the efficacy of myocardial regener-
ation with cell therapies, particularly in Chagas Disease
and addressing the challenges associated with future
research. The failure of cell therapy can be explained
by crucial differences between the cellular types and
pathophysiological mechanisms of the disease, as well
as the differences between human patients and animal
models.
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INTRODUCTION

Chronic Chagas Disease is the most common form of
cardiomyopathy in Central and South America and is
one of the leading causes of death from cardiovascular
disease in endemic areas. To date, there is no effective
treatment for this disease apart from pharmacological
treatment. Patients as described above may detive some
benefits from beta-blockers, inhibitors of angiotensin
conversion enzyme and diuretics'.

The only effective treatment available for individuals
who develop a more severe disease, such as heart failure
due to Chagas Disease, is total organ transplantation,
Z.e., heart transplantation. This procedure is limited due
to its high cost, and the scarcity of donated organs; the
immune suppressor drugs used in this situation can also
reactivate the disease.

On the other hand, regenerative medicine has
emerged with new perspectives on cell-based therapy to
add to the established drug therapy of Chagasic cardio-
myopathy in order to prevent heart failure progressing or
to prolong and improve the quality of life of patients.

However, these possibilities should be viewed with
caution in light of the pathophysiological aspects of cat-
diomyopathy.

There are currently various cell types that can be used
in cell therapy: isolated cells, or in combinations, and
associated (or not) with the arrays. Another important
variable is the manner in which cells are administered:
catheterisation, epicardial or intramyocardial injection. In
this context, preclinical research is fundamental for bet-
ter identification of the type of cell therapy that is func-
tionally effective for translation to humans as well as for
identifying the therapeutic availability and risks involved.
Cell therapy should be both feasible and safe.

The aim of cell therapy in relation to the heart, in-
dependently of ischemic or Chagas Disease, is to obtain
myocardial regeneration and to improve heart function
by cell-replacement therapy, as well as to reverse the geo-
metric remodeling of ventricular cavities.

Consensus on the most appropriate form of cell
therapy should be based on the best functional outcomes
in preclinical studies. Animal models are important tools
in experimental medical science to better understand the
pathogenesis of human disease and to test therapeutic
approaches.

Many reasons have been proposed for the failures
of clinical trials, including the choice of cellular type for
therapy. In this article we discuss the selection of preclin-
ical models because this is one of the main reasons why
clinical translation has been unsuccessful thus far. This
issue has received little attention, but it may have had dra-
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matic implications for the expectations of clinical trials.
We highlight crucial differences between cellular types
and pathophysiological mechanisms of the disease, as
well as the differences between human patients and ani-
mal models, with regards to a better understanding of the
results obtained so far and to reflect on the perspectives
for future research. We use examples to demonstrate why
the results from preclinical trials might have overestimat-
ed the efficacy of the myocardial regeneration therapies
that have been developed to date. We also suggest ways in
which currently available animal models of Chagas could
be translated for human use and also offer advice on how
to work with existing models to avoid overestimating the
efficacy of single bone marrow cell therapies.

All models have advantages and disadvantages and
the choice of stem cell therapy model should be based
on the specific pathophysiological mechanisms of the
disease; nevertheless, for myocardial regeneration, cell
therapy requires the development of myogenesis, for
contraction as well as angiogenesis, independent of the
disease pathophysiology, because the striated muscle, like
the myocatdial and its cardiomyocytes (CMCs), needs nu-
trition.

PATHOPHYSIOLOGICAL MECHANISMS

For the development of therapeutics based on stem cells
in Chagas Disease, some authors have considered ap-
proaches or tests that are similar to those performed in
ischemic cardiomyopathies, not taking into account the
fundamental differences between the pathophysiologies.
This explains why the results obtained in humans differ
from preclinical results; the intracoronary injection of

autologous mononuclear cells in humans has not im-
proved left ventricular function or the quality of life of
patients with chronic Chagas cardiomyopathy. These re-
sults were different from those obtained in a preclinical
model”.

The death of CMCs may be due to many factors,
such as myocatdial infarction or other causes, like Chagas
cardiomyopathy, which cause fibrosis in the remodeling
of the left ventricle due to the fact that adult CMCs have
only a limited capacity to regenerate and are insufficient
to resolve heart tissue injurym.

In myocardial infarction there is a loss of cardiac vas-
cular supply, accompanied by pro-inflammatory events
with increased production of 6-interleukin and tumor
necrosis factor, leading to cellular necrosis, loss of CMCs
in the heart region and heart dysfunction”.,

The pathophysiology of the chronic form of Chagas
cardiomyopathy is still not very clear. Among the various
mechanisms ate: a parasite-mediated tissue destruction,
denervation plexus infarction, platelet aggregation, and
intravascular lesion tissue mediated autoimmune mecha-
nisms. The disproportion of parasites suggests relation-
ships with autoimmune mechanisms'”.,

In Chagas Disease, infection by Trypanosoma cruzi (T.
crugd) causes a generalised inflammatory vascular disease,
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characterised by the presence of vasospasm, a reduc-
tion in blood flow, focal ischemia, thrombosis, increased
platelet aggregation, and higher levels of thromboxane
A2 and endothelin-1. Endothelial cell infection by the
parasite increases with the synthesis of endothelin-1,
which participates in the vasospasm of the coronary mi-
crocirculation'.

In summary, myocardial Chagas Disease is a diffuse
lesion due to the interrupted microcirculation of blood
vessel supplies mediated by autoimmune mechanisms,
causing the loss of CMCs and remodeling process with
the impairment of heart function.

CELLULAR TYPES

To obtain myocardium regeneration, various cell types

were evaluated; undifferentiated cells such as stem cells,
and differentiated cells like CMCs or myoblasts. How-
ever, not all cellular types have been evaluated in Chagas
Disease.

As regards undifferentiated cells, there are embryonic
stem cells (ESCs) or adult stem cells (ASCs). The ASCs
can be of diverse origin and can include: bone marrow-
derived stem cells; bone marrow mononuclear cells
(known as hematopoietic stem cells) such as CD45"/
CD34’; hematopoietic-derived mesenchymal stem cells
(hMSC, known as bone marrow mesenchymal stem
cells) such as CD45/CD34; adipose-detived stem cells;
mesenchymal fraction such as CD45/CD34"/CD105"/
CDY0"/CD73"; umbilical cord blood-detived stem cells;
mononuclear cells such as CD45"/CD34 and mesenchy-
mal cells CD45/CD34; and induced plutipotent stem
cells such as octamer-binding transcription factor 441101,

There are only three preclinical models that have
been tested for cell therapy in Chagas cardiomyopathy:
(1) bone marrow mononuclear stem cells; (2) co-cultured
cells; myoblasts such as CD56" with bone marrow mes-
enchymal stem cells; and (3) isolated bone marrow mes-
enchymal stem cells®”. The other cellular types are still
only a theoretical approachm].

ASCS

Bone marrow-derived stem cells

Bone marrow was the first source of stem cells for ap-
plication in various preclinical models for many diseases,
including heart disease. This followed extensive clinical
experience with these cells in their use for the treatment

of onco-hematological diseases. Cells obtained from
bone marrow have many advantages; they are easy to
obtain and they do not require cultivation (reduced risk
of contamination and for transformation), which allows
the possibility of autologous therapy without the need
for immune suppressor drugs and their adverse effects.
These cells can be obtained by puncture of the iliac
crest bone marrow, or from peripheral blood by apher-
esis with the aid of granulocyte stimulating factor, which
mobilises the cells of the bone marrow into peripheral

K

;guamﬁ.,g@ WJT | www.wjgnet.com

121

de Carvalho KAT et a/. Cell therapy in Chagas for future

blood. In addition to these advantages, there is increased
knowledge about the immune phenotypic characterisa-
tion and the quantification of these cells by flow cyto-
metric analysis, ensuring standardisation of protocols.

To test the efficacy of cellular therapy with stem cells
from bone marrow in the Chagasic cardiomyopathy, the
experimental model of inbred mice chronically infected
with the Colombian strain of T. ¢rugi has been used,
which caused the development of Chagasic cardiomy-
opathy in these animals. Mononuclear cells from bone
marrow were obtained by lavage of the femurs of the
animals and they were injected intravenously into mice
during the chronic infection. The degree of inflammation
and fibrosis in the heart was assessed after euthanasia of
the treated and control animals and the histological sec-
tions of the heart were comparedm.

The results of the aforementioned research demon-
strated that treated mice showed a significant improve-
ment in myocarditis 2 mo after transplantation when
compared to untreated controls. This was explained by
the authors as the result of an increase in apoptosis in
the inflammatory cells, which caused the loss of CMCs.
A decrease in the area of fibrosis was also demonstrated,
suggesting that this is a reversible processm’m.

Another strategy to better understand the action of
mesenchymal stem cells (MSC) from bone marrow (BM)
in myocardium repair was recently carried out by Jasmin
et al™. This study demonstrated the beneficial effects of
MSC therapy in mice model of Chagas Disease, arising
from an indirect action of the cells in the heart, rather
than a direct action due to the incorporation of large
numbers of transplanted bone marrow mesenchymal
stem cells (BMMSC) into working myocardium. The au-
thors used cell tracking, following the labelling of MSCs
with nanoparticles to investigate the migration of trans-
planted BMMSC:s to the heart.

Co-cultured model of BMMSC and myoblasts
Carvalho ¢ al” proposed the autologous transplanta-
tion of the co-cultured BMMSC and myoblasts for
myocardial regeneration in Wistar rats. Their first report
proposed the cultivation of both cellular types in a co-
cultured model to obtain cells capable of promoting
angiogenesis by BMMSC and myogenesis by myoblasts
for ischemic myocardium, and at the same time to re-
duce costs and cultivation time. This co-cultured model
had been tested previously in myocardial infarction and
compared with myoblasts, co-cultured cells and con-
trol. The control was operated animal and injected the
medium (Dulbecco’s Modified Eagle Medium-DMEN)
without cells as sham. The results demonstrated an im-
provement in left ventricular ejection fraction (LVEF)
in both the groups that received cells, with additional
results in histopathological analysis-the presence of
angiogenesis and myogenesis in the group that received
the co-cultured cells™ ",

This model was subsequently transferred for pre-
clinical Chagas cardiomyopathy. In this particular study,
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80 rats were inoculated with a single intraperitoneal
injection of 150000 trypomastigotes of T. cruzi. An
ELISA test for Chagas Disease was performed in a
sample of the animals. After 8 mo of inoculation, they
underwent transthoracic echocardiography for baseline
evaluation of heart function. Of the 15 animals that
developed ventricular dysfunction with LVEF, less
than 35% were randomly submitted to treatment. The
incidence obtained of animals with Chagas cardiomy-
opathy was similar to that which has been described in
humans®'*"*,

Seven animals underwent autologous co-cultured
cell transplantation by direct injection (X 10° co-cultured
product) in the epicardial in open surgery, »s eight ani-
mals in the control group, which was followed a natural
evolution (not sham). At one month after treatment,
all the animals were submitted to transthoracic echo-
cardiography. The product of the co-cultured cells was
identified by immunocytochemistry assay for identifica-
tion; antibody anti-fast-myosin for skeletal muscle cells
demonstrated by FITC immunofluorescence, and anti-
body anti-VII factor for new vessels by demonstrated im-
munoperoxidase[lb’m.

One month after transplantation, in the echocardio-
graphic functional analysis the group of Chagas Dis-
ease that had received co-cultured cells demonstrated
significantly improved LVEEF, 31.10 £ 5.78 to 53.37 £
5.84 »s natural evolution (P < 0.001). There was also
negative remodelling, which was demonstrated by left
ventricular-end diastolic volume (LVEDYV), co-cultured
cells transplant group: 0.83 = 0.08 to 0.64 £ 0.16 (P <
0.005) »s natural evolution, 0.68 £ 0.12 to 0.72 £ 0.16.
Histopathological analysis demonstrated the presence
of skeletal muscle cells, like myotube (immature skeletal
muscle), and new vessels in hosted myocardial*'".

This model demonstrates that negative left ventricu-
lar remodelling, as well as reducing the progression of
heart failure, may stabilise alterations in the biology of
cardiomyocytes, (for example, hypertrophy) and maintain
the contractile performance of myocardium!*"”. On the
other hand, Hagege et al™ in relation to human ischemic
cardiomyopathy, only transplanted myoblasts. In patients
with severe heart failure, the clinical status and Ejection
Fraction of patients improves in a stable manner over
time, with a strikingly low incidence of hospitalisations
for heart failure (0.13/patient-years) and arrhythmic risk
can be controlled by medical therapy and/or on-request
automatic cardiac defibrillator implantation. In this pre-
clinical model, arthythmia was not observed"”.

The co-cultured model seems to offer the promise of
a treatment that adds to adjuvant therapy for Chagasic
cardiomyopathy in patients and the bioprocess of this co-
culture has been translated for use in humans; however,
this model has not yet been evaluated in human Chagas
Disease. Permission has been granted to test in I Phase
Human by the Brazilian Human Research Ethics Com-
mittee, and testing should start soon.
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PERSPECTIVES FOR FUTURE

Human embryonic stem cells for cell therapy

In contrast to ASCs, ESCs have the potential to differen-
tiate between the tissue detivatives of all three embryonic
germ layers and therefore they are termed pluripotent.
CMCs have been obtained from all three types of murine
embryo-derived stem cells: embryonic carcinoma (EC),
embryonic stem (ES), and embryonic germ (EG) cells.
We focus our attention on ESCs due to their potential
clinical application. Human embryonic stem cells (hESC)
lines, isolated from the inner cell mass of embryos, can
be propagated continuously in the undifferentiated state
when grown on top of a mouse embryonic fibroblast
feeder layer. When removed from these conditions and
grown in suspension, they begin to generate three-dimen-
sional differentiating cell aggregates, termed embryoid
bodies"”.

Given the versatility of hESCs, and the possibility of
obtaining beating CMCs from them, they appear to be
the main candidate for cell-based applications for cardiac
repait. In fact, hESCs apparently fulfill most, if not all, of
the properties of an ideal donor cell line™”".

A possible strategy for cell-replacement therapy could
be to initially allow the spontaneous differentiation of
ESCs into multiple lineages 77 vitro, followed by selective
putification of the cardiomyogenic lineage isolated from
embryoid bodies. On this issue, Kehat ez a/”"* showed
that transplanted hESC-derived CMCs substituted dam-
aged pacemaker cells in a swine model of atrioventricu-
lar block, and were responsible for eliciting an ectopic
thythm compatible with the animal’s survival. Their re-
sults provide compelling evidence that this type of graft
integrates electromechanically within the recipient tissue,
as discussed by Menasché®',

Nevertheless, the following obstacles still remain
unsolved: (1) The yield of CMC production has to be
dramatically improved. It is fundamental to work on
the “ideal” culture conditions for CMC differentiation.
Unfortunately, the definition of strategies useful for this
aim is not easy. The inherent differences between hESCs
and their murine counterpart necessitate the obligatory
use of hESCs as a2 model; laws and ethical considerations
place strong limitations on what can be done. A further
complication is represented by differences between the
various protocols”™¥; (2) hESC lines and their charac-
terisation which, to date, has been uns§7stematic[25'32]. It
appears that each hESC line possesses a unique expres-
sion signature and a distinct cardiomyogenic potential ™.
Stimuli useful for directing hESCs through the cardiac
lineage are still only being investigatedwz’m. A methodic,
combinatorial approach, using various stimuli (trans-
stimuli, extra-cellular matrices, co-culture, physical stim-
uli) could be the best way of directing the differentiation
of stem cells ix vitro in a cardiac stringent-specific way.
This speculation is supported by the fact that, when in
their natural milieu, cardiomyogenic differentiation of
stem cells probably involves multiple signalling pathways.

December 24, 2013 | Volume 3 | Issue4 |



This may be mimicked iz vitro with a combination of
various methods that achieve a synergistic effect. In fact,
in vitro-derived, prevascularised scaffold-free cardiac tis-
sue patches from co-culture of CMCs, endothelial cells
and fibroblasts were found to greatly improve cell viabil-
ity, post—transplantation134j; (3) Culture media. For clinical
applications, it is imperative to develop well-defined and
efficient zn vitro protocols for the cardiomyogenic dif-
ferentiation of stem cells, which use chemically defined
culture media supplemented with recombinant cytokines
and growth factors. The main drawback of the cur-
rent xen support system is the risk of cross-transfer of
animal pathogens that might hamper future clinical ap-
plications. It was recently shown that non-human sialic
acid Neu5Gc (against which many humans have circulat-
ing antibodies) was incorporated into hES cells grown
on mouse feeder layers™. The use of human plasma-
derived serum, and the development of a serum-free
support system and animal-free feeder layer consisting
of human fetal fibroblasts and adult epithelial cells or
foreskin cells, may provide an appropriate solution to
these risks. Nevertheless, iz vitro up-scaling of clinical
grade cell products that are essentially free of xenogenic
products, in compliance with good manufacturing prac-
tice, remains a significant hurdle’ ™ (4) Competency
of derived CMCs in terms of excitation-contraction
coupling. Another important issue is to what extent
these cells can be considered mature CMCs as regards
excitation-contraction coupling. Indeed, heterogenous
electrophysiological properties have been demonstrated
in CMCs derived from separate differentiation methods
within the same group"”. This question cannot be accu-
rately answered at the moment since the differentiation
procedure has not been efficiently or even minimally
standardised. However, some data provide fairly con-
vincing evidence that hESCs can integrate electrically
with the recipient myocardium, suggesting that they are
capable of contributing to the augmentation of pump
function following injury[zol; (5) Immune rejection has to
be blocked. Upon differentiation, ES cells express mol-
ecules of the major histocompatibility complex (MHC),
in particular MHC [, while MHC II expression levels
are low or absent!". Thus, decreasing the expression
of MHC 1 by genetic modification could improve im-
munologic tolerance. Alternatively, minimal but targeted
conditioning of CD4 and CD8 T-cells may be an option
to promote tolerance of embryonic stem cell-derived tis-
sues'™; and (6) Tumorigenicity may be a problem, even
when terminally differentiated CMCs are used for cell
replacement. The implantation of undifferentiated ES
cells leads to the formation of benign teratomas in the
recipientsm’%]. Those risks are also present in all cultured
cells, as demonstrated by Irioda ef a/"".

As discussed by the aforementioned authors, an ES-
derived teratoma is not essentially malignant, but its nat-
ural propensity to grow makes it potentially dangerous
when implanted into an individual and, as such, a crip-

pling obstacle on the path to ES cell therapeuticsm’wl.
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Recent experiments suggest that the formation of a tera-
toma may be dependent upon experimental conditions.
For instance, Bjorklund ez al”have shown that teratoma
formation could be prevented in a majority of cases,
when pre-differentiated mouse ES cells were implanted
into the brains of rats at a very low density. Asano ez al"
showed that ES cells implanted allogenically into a non-
human primate fetus in utero formed a teratoma when
developed in a natural cavity, but conversely integrated
normally in tissues when implanted within various or-
gans. Therefore, teratoma formation does not appear to
be an unavoidable consequence of ES cell implantation
but rather as a phenomenon, the mechanisms of which
require further investigation in order to identify the saf-
est procedures for clinical application. Tumorigenicity
demands the use of an extensively characterised, pure,
differentiated cell population as well as rigorous cell
screening;

The negative selection of Oct4 (undifferentiated cell
marker) expressing cells might be a solution. New strate-
gies and methodologies need to be developed to isolate
the terminally differentiated cells. ES cell implants can
be tagged with some kind of death signal in such a way
that when they start to form tumors, or cause severe
complications, they can be cleared from the body, leav-
ing the host unaffected. Other safeguards proposed to
purify CMCs, such as flow cytometry, cell sorting using
cardiomyocyte-specific fluorescent dye or cardiac plasma
membrane surface marker, and other strategies reviewed
elsewhere, would further enhance the safety profile of
these exogenously detived CMCs. As yet, there is no vali-
dated solution to this problernm5 1,

Hence, it is probably unrealistic to assume that an ap-
proach designed to improve cardiac differentiation would
be applicable to all hESC lines. Clearly, systematic charac-
terisation is necessary in order to identify sub-categories
of hESC lines. According to Stojkovic ez al™ one pos-
sible solution to this problem is the establishment of
national or international hESC banks, which would allow
comparable and detailed characterisation of deposited
cells and provide scientists with all the necessary infor-
mation to choose the most suitable hESC line for their
own research”™.

SOMATIC CELL NUCLEAR TRANSFER

Recently, high-profile reports of the derivation of human
embryonic stem cells from human blastocysts produced
by somatic cell nuclear transfer (SCNT) have highlighted
the possibility of making autologous cell lines specific to

individual patients™. Given the range of immunophe-
notypes of hESC lines currently available, rejection of
the differentiated cells by the host is a potentially setious
problem. SCNT offers a means of circumventing this by
producing embryonic stem cells of the same genotype as
the donor. However, this technique is not without prob-
lems since it requires the resetting of the gene expression
programme of a somatic cell to a state consistent with
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embryonic developmentf43’56’57].

The use of SCNT is currently under investigation
from several points of view (ethical, scientific, technical/
technological) and it has promising potential for the treat-
ment of a variety of degenerative diseases. Furthermore,
with the advent of other techniques such as xenofree,
and direct differentiation of resident cells to CMCs, this
may offer additional and exciting avenues for autologous
cell therapy in the future®™ ",

ESC and SCNT have excellent perspectives for future
study in preclinical models of cardiomyopathy, such as
Chagasic or ischemic, but there are still many questions
to be answered and those cells have not yet been evalu-
ated in this preclinical model.

CONCLUSION

The success of stem cell therapy in a preclinical model

for treating Chagas Disease is unsuccessful in human
translation. Solutions are needed to provide acceptable
levels of safety and strict quality control that would
make possible the clinical applications of conducting
therapy with stem cells in Chagas cardiomyopathy. Ad-
dressing the challenges associated with future research
may ensure the success of stem cell therapy in the im-
provement of preclinical models and the treatment of
Chagas Disease.
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Abstract

AIM: To investigate patient and graft outcomes in iso-
lated small bowel transplant (SBTx) recipients and im-
munosuppressant induction agent impact on outcomes.

METHODS: A retrospective review of the perioperative
data of patients who underwent SBTx transplant dur-
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ing an 8-year period was conducted. The intraoperative
data were: patient demographics, etiology of short gut
syndrome, hemodynamic parameters, coagulation pro-
files, intraoperative fluid and blood products transfused,
and development of post-reperfusion. The postopera-
tive data were: hospital/intensive care unit stays, dura-
tion of mechanical ventilation, postoperative incidence
of acute kidney injury, and 1-year patient and graft
outcomes. The effects of the three immunosuppressant
induction agents (Zenapax, Thymoglobulin, Campath)
on patient and graft outcomes were reviewed.

RESULTS: During the 8-year period there were 77 pa-
tients; 1-year patient and graft survival were 95% and
86% respectively. Sixteen patients received Zenapax,
22 received Thymoglobulin, and 39 received Campath
without effects on patient or graft survival (P = 0.90, P =
0.14, respectively). The use of different immune induction
agents did not affect the incidence of rejection and infec-
tion during the first 90 postoperative days (P = 0.072, P
= 0.29, respectively). The Zenapax group received more
intraoperative fluid and blood products and were coagulo-
pathic at the end of surgery. Zenapax and Thymoglobulin
significantly increased serum creatinine at 48 h (P = 0.023)
and 1 wk (P = 0.001) post-transplant, but none developed
renal failure or required dialysis at the end of the first year.

CONCLUSION: One-year patient and graft survival
were 95% and 86%, respectively. The use of differ-
ent immunosuppressant induction agents may affect
the intraoperative course and short-term postoperative
morbidities, but not 1-year patient and graft outcomes.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Small bowel transplant; Outcomes; Immune
induction agents; Zenapax; Thymoglobulin; Campath
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Core tip: Small bowel transplant (SBTx) is the treat-
ment of choice for patients with intestinal failure.
However, patient and graft survival can be affected by
multiple factors, such as the choice of immunosuppres-
sant and immune induction agent. Studying the effects
of these agents may help care providers customize the
immunosuppressant protocol to the individual patient.
In this study, we reviewed in great detail how different
immune induction agents can impact the intraopera-
tive and postoperative course, as well as the short term
outcome of these patients. Such information can be of
great value to physicians who treat SBTx recipients.

Hilmi IA, Planinsic RM, Nicolau-Raducu R, Damian D, Al-Khafa-
ji A, Sakai T, Abu-Elmagd K. Isolated small bowel transplantation
outcomes and the impact of immunosuppressants: Experience of
a single transplant center. World J Transplant 2013; 3(4): 127-133
Available from: URL: http://www.wjgnet.com/2220-3230/full/v3/
i4/127.htm DOL: http://dx.doi.org/10.5500/wjt.v3.i4.127

INTRODUCTION

Isolated small bowel transplant (SBTx) is a quickly-growing
curative procedure for patients with short gut syndrome
(SGS)!". Improvements in surgical techniques, immuno-
suppressant drugs, and anesthetic rnanzlgementlZJ have
resulted in great improvement of patient outcome. In this
retrospective single-center study, we reviewed the medical
records of 77 consecutive patients who underwent first
time isolated SBTx. Patient and graft outcome, along with
the effects of different immunosuppressant induction
agents, are reported.

MATERIALS AND METHODS

After Institutional Review Board approval, the medical
records of 77 consecutive adult patients who underwent
first time isolated SBTx during an 8-year period (April
2000-June 2007) were reviewed. Preoperative data in-
cluded patient demographics, etiology of SGS, and renal
function status. Intraoperative hemodynamic data were
recorded at six time points during the surgery: I (baseline
before the surgical incision), I +60 (60 min after the
sutgical incision), II (completion of enterectomy/dis-
section), II+5 (5 min post-reperfusion), MM +60 (60 min
post-reperfusion), and IV (at completion of surgery).
These data were: heart rate, mean arterial blood pres-
sure (MABP), central venous pressure, pulmonary artery
wedge pressure, mean pulmonary artery pressure, cardiac
output (CO), systemic and pulmonary vascular resis-
tance (SVR, PVR), end-diastolic volume, right ventricular
ejection fraction, and mixed venous oxygen saturation.
At each of these six time points, a thromboelastogram
(TEG) was performed and the results were recorded and
analyzed.

In order to investigate the severity of the post reper-
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fusion syndrome (PRS) in SBTx, patients were divided
into two groups according to PRS severity: patients with
mild PRS and patients with significant PRS". PRS was
defined as mild when the decrease in blood pressure
and/or HR was < 30% baseline, was short-lived (<
5 min), and responded to the administration of small
doses of vasopressors [calcium chloride (1 g IV) and/or
epinephrine (< 100 pg) IV] without requiring continu-
ous infusion of these vasopressors during the remaining
transplantation procedure. PRS was defined as significant
when severe hemodynamic instability occurred, such
as persistent hypotension (> 30% baseline), asystole or
hemodynamically significant arrhythmias requiring intra-
operative infusion of vasopressors, and fibrinolysis that
required treatment with antifibrinolytic agents.

Patients received one of three immunosuppressant
induction agents: Zenapax, Campath, or Thymoglobulin;
the effects of these agents on patient and graft outcomes
were reviewed. As part of the immunosuppressant regi-
men, all patients received 1 g methylprednisolone before
reperfusion of the graft and postoperative tacrolimus.

Postoperative data collected were: hospital/intensive
care unit (ICU) stay, days requiring postoperative mechani-
cal ventilation, postoperative incidence of acute kidney in-
jury (AKI), incidence of infection and rejection within the
first 90 postoperative days, and 1-year patient and graft
outcomes. To document the presence of post-transplant
infection, we utilized the International Sepsis Forum Con-
sensus Conference definition of infection in the ICUY,
AKI was defined by modified RIFLE (risk, injury, failure,
loss, end-stage renal disease) criteria as recommended
by the Kidney Disease Improving Global Outcomes
(KDIGO) AKI guideline, but without urine output data.
According to the KDIGO, AKI was defined as a 50%
increase in SCr from the baseline (preoperative value as in
our study) or a 0.3 mg/dL increase within 48 h"*”,

The statistical analysis was performed using SPSS Sta-
tistics 17.0 software (SSPS Inc., Chicago, IL). Descriptive
statistics were reported as mean * SD. For categorical
data, the ;(2 test or Fisher exact test were used and for
normally distributed continuous variable data, the paired
#-test or ANOVA were used. For analysis of the con-
tinuous variables that were not normally distributed, the
Kruskal Wallis test was used and the median and range
were reported. For patient and graft 1-year survival, Ka-
plan-Meier survival analysis was used.

RESULTS

Seventy-seven patients received an isolated SBTx during
the 8-year study period. Sixteen patients received Zena-
pax, 22 received Thymoglobulin, and 39 received Cam-
path. Patient demographics were: age (range 28-66 years
old, mean of 40), more females than males (26/51) with
P = 0.02. Etiologies of SGS were: volvulus in 11 patients,
vascular in 24, inflammatory in 20, trauma and adhesion
in 10, radiation in four, and miscellaneous in eight. Intra-
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Table 1 Intraoperative data (mean + SD, n = 77)

Zenapax (n = 16) Thymoglobulin (7 = 22) Campath (7 = 39) Pvalue
Surgical time (h) 14.16 +2.59 12.01+1.73 10.59 £1.59 < 0.000
Cold ischemia time (min) 514.0 £ 86.73 480.18 +111.60 441.0 £100.33 0.05
Warm ischemia time (min) 31.18 £5.19 30.95 +4.94 32.18 + 4.62 0.636
Crystalloids (mL) 7214.67 + 2286.39 5622.73 +1707.95 4705.26 +1791.26 0.0002
Colloids (mL) 6383.33 + 2277.34 4428.64 +1611.94 3721.05 +1516.51 < 0.0001
Packed red cell (units) 6.47 +3.44 3.45+1.95 3.66 +2.39 0.0008
Fresh frozen plasma (units) 0.73£1.71 0.36 +£1.05 1+1.61 0.208
Cryoprecipitate (units) 0 0.27 £1.27 1.58 £3.32 0.377
Platelets (units) 1.20 +3.36 4.36 £8.52 3.95+6.58 0.541

Table 2 Intraoperative changes in the thromboelastogram

tracing (mean + SD)

Zenapax Thymoglobulin Campath P value
(n = 16) (n = 22) (n = 39)
Stage- I (baseline)
R1 9.26+3.6 9.09 +3.88 7.36 +4.35 0.195
K1 2.72+091 2.73+0.97 2.21+2.96 0.630
ANG I 71.64 +5.46 65.9+14.1 66.1+1225  0.291
MA I 6511 £11.1 59.53 +14.56 66.04+13.72  0.223
Stage-1II (organ on the field)
RI 9.12+5.23 7.36 +3.17 7.15+3.54 0.327
K1 4.26+1.53 3.99+21 310+2.12 0.176
ANG I 64.25 £ 8.26 60.82 +11.66 55+15.72  0.109
MA I 53.58+1042  53.71+9.7 54.44+1516 0974
Stage-III (reperfusion)
R 93+£27 7.44 +2.53 7.74+34 0.356
K 1In 6.13 £2.56 47721 3.9+254 0.088
ANG I 56.13 £9.23 58.6 +7.36 492+1557  0.072
MA I 47.56 +12.5 50.7+10.67 48.67 +16.1 0.855
Closing the abdominal incision (final)
Rend 9.26 +2.58 8.77 £3.39 6.38 £2.31 0.011*
Kend 6.21 +2.83 51321 2.79+1.62 <0.0001°
ANGend 56.75+12.8 5747 +7.6 5811113  0.949
MA end 50.56 + 8.51 51.32+11.76  55.46 +9.23 0.339

P < 0.05. R: R-time (min); K: Tangential line in the thromboelastogram
tracing (min); ANG: a-angle (degree); MA: Maximum amplitude (millimeter).

operative data showed that patients who received Zena-
pax had significantly longer surgical times (P = 0.0001),
longer cold ischemia times (P = 0.05), and required more
crystalloid (P = 0.002), more colloid (P = 0.00001), and
packed red cells (P = 0.0008) (Table 1). The intraopera-
tive coagulation profile (Table 2) as monitored by TEG
showed no significant differences between the groups un-
til the completion of surgery. At that point, the Zenapax
group had a longer R-time (P = 0.011) and K-time (P =
0.0001), indicating less coagulability. Significant changes
were found in almost all hemodynamic parameters dur-
ing the reperfusion phase when compared to the baseline
readings (Table 3). These changes were reflected in a drop
in the SVR (P = 0.0001), increase in CO (P = 0.0001), and
decrease in MABP (P = 0.0001); however, these changes
in hemodynamic parameters were considered as mild PRS
according to our definition. There was a trend toward
more hemodynamic instability in the Zenapax group, but
it did not reach statistical significance (P < 0.065).
Changes in postoperative SCr and the effects of the
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Figure 1 Overall patient and graft survival in months.

different immune induction agents showed a significant
increase in SCr in patients who received Zenapax (P =
0.023) and Thymoglobulin (P = 0.001). Overall, 15 pa-
tients developed AKI (19.5%) during the first 72 h post-
transplant, which increased to 31.2% (24 patients) after
completion of the first postoperative week, but none
progressed to renal failure or required dialysis at any time
during the first post-transplant year. Classical outcome
criteria showed a mean ICU stay of 5 d (range 4-62 d),
mean hospital stay of 26 d (range 7-89 d), and mean time
on ventilator of 2 d (range 1-95 d). Infection within the
first 90 postoperative days was reported in 24 patients
with no prevalence among immune induction agent used
(P =0.29).

Forty-three rejection episodes occurred during the
first 90 d post-transplant; 21 were considered severe epi-
sodes. The use of different immunosuppressant induction
agents had no impact on the incidence of rejection within
the first 90 d post-transplant. The 1-year patient survival
was 95% and the 1-year graft survival was 86% (Figure 1),
with no impact of immunosuppressant induction agent
type on graft and patient survival (Figure 2, P = 0.09, P =
0.14, respectively).

DISCUSSION

Patients with SGS presenting for isolated SBTx are known
to have multiple problems related to the absence of in-
testinal functions and/or chronic dependency on total
parenteral nutrition (TPN). One of the challenging issues
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Table 3 Intraoperative hemodynamic data at baseline and reperfusion (mean + SD)

Baseline Reperfusion P value
Cardiac output (L/min) 7.32+1.88 9.1+2.62 <0.0001
Ejection fraction (%) 38.14+£7.78 39.75+7.76 0.183
End diastolic volume (mL) 216.24 + 55.82 242.34 + 64.54 <0.0001
Mixed venous oxygen saturation 83.80 +3.99 85.17 +4.37 0.017
Heart rate (beat/min) 89.81 +13.49 101.41 +13.71 <0.0001
Mean arterial blood pressure 77.71 £9.47 7129 +11.64 <0.0001
Systemic vascular resistance 793.76 + 244.67 581.92 £196.8 <0.0001
Mean pulmonary artery pressure 17.52 +£3.82 20.17 +4.8 <0.0001
Pulmonary vascular resistance 58.07 + 26.32 5213 £24.76 0.078
Pulmonary capillary wedge pressure 1242 £3.44 14.82£3.8 <0.0001
Central venous pressure 9.53 £3.63 11.42 +3.46 <0.0001
A 100 ¢ — Zenapax first post-transplant year. The Epstein-Barr virus (EBV)
e Thymoglobulin has been linked to the development of lymphoprolifera-
Campath tive disorders in SBTx recipientsm. The absence of post-
T transplant lymphoproliferative disorders in our series is
% due to the fact that we reviewed 1 year post-transplant
g outcomes; also, all the donors in our series were screened
B for EBV and all recipients were put on EBV prophylaxis
20 | regardless of their preoperative viral status. Historically,
10 L GVHD affects about 5% of SBTx recipients, which is
ol v s s much higher than in other solid organ transplant recipi-
0 12 24 36 48 60 72 84 96 ents'. The absence of GVHD in our series may be re-
Months after transplantation lated to the use of immunosuppressant induction agents.
The diagnosis of GVHD was suspected on the basis of
B — Zenapax clinical symptoms, according to the Consensus Confer-
——————— Thymoglobulin ence on Acute GVHD grading, with its usual attacks on
Campath the skin, liver, and gastrointestinal tract .
3 When compared to liver transplant recipients, SBTx
2 recipients have a theoretical advantage in that the graft
% can be removed in cases of graft-related problems with-
o out serious impact on the recipient’s well-being. Our
results showed improved patient 1-year survival (95%)
when compared to the series from England and Wales!',
ol v s s which was reported to be 57% for cases performed dut-
0 12 24 36 48 60 72 84 96 ing the late nineties to eatly 2000s. Our results are bettet,

Months after transplantation

Figure 2 Patient survival (A) and graft survival (B) in months by immuno-
suppresant induction agent. A: P=0.14; B: P=0.09.

in caring for this group of patients is vanishing vein syn-
drome due to the use of TPN and utilization of most if
not of all of the patient’s central venous access™”.

Other challenges are attributed to the fact that intes-
tinal grafts are very susceptible to rejection due to high
concentration of lymphoid tissue, which may contribute
to high incidence of graft versus host disease (GVHD)""',
A high level of immunosuppression is required to pre-
vent rejection, which can lead to setious and life threat-
ening sepsis[m. Selective bowel decontamination and
low-dose radiation were implemented in the donor to
ameliorate or prevent the occurrence of GVHD reaction.
However, in our group of SBTx recipients, we did not
see GVHD or lymphoproliferative diseases within the
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as they reflect the experience of the sutgical team and/or
improvement in the immunosuppression protocol and
patient selection. The England and Wales study reported
a 1-year graft survival of at best, 40%; in our series it was
85%. In our study, the SBTx patients and grafts showed
much improvement, even when compared to the first
report from our center in 1997"" which documented
patient and graft survival as 73% and 60%, respectively.
In most SBTxs that were performed during the nineties,
the main immunosuppressants used were tacrolimus and
steroids. Tacrolimus is still the main immunosuppressant
agent used for SBTx recipients, but new immunoinduc-
tion agents have been added while steroids and/or OKT3
have been reserved to treat rejection episodes.

The use of three different immunoinduction agents
for this group of patients reflects three periods in the
8-year timeline in which the immunosuppressant protocol
at our institution was modified. The overall improvement
in SBTx outcome after the introduction of the immu-
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noinduction agent Zenapax was documented in children
in an early report by the University of Miami'". In our
report, the use of different induction agents did not af-
fect short-term patient or graft outcomes. However, in
the University of Miami report, patient and graft out-
comes were better for isolated SBTx than for transplant
of combined liver-small bowel or multivisceral grafts.
Although this contradicted our report that was published
in 2001", the difference in the results may be due to the
difference in the recipients’ age (pediatric #5 adult). The
indications for SBTx at our center are not different from
what are used in other transplant centers due to the fact
that morbidity and mortality for patients with SGS on
TPN are low, especially with advances in technology and
pharmacological applications of TPN"?. SBTx is re-
served for patients with SGS who develop TPN-related
complications, such as loss of venous access, repeated
line infection, dehydration, and hepatobilliary complica-
tions (cholestasis, fatty liver)™'”,

Rejection remains the most serious challenge in post-
transplant patients. The fact that no single laboratory test
can predict or detect rejection makes the diagnosis of
rejection even more difficult and an almost impossible
task. The diagnosis of rejection depends on adapting a
high suspicious index in interpretation of clinical presen-
tation and performing an early endoscopic examination
with biopsy. The SBTx service at our center has adopted
a standardized protocol for detection and follow up of
rejection in SBTx recipients, which includes regular endo-
scopic examination and biopsy. Treatment of rejection is
usually accomplished with OKT3 and supplemental dose
of tacrolimus with or without high dose of steroids” .

Intestinal transplantation can be a quite lengthy proce-
dure due to the fact that SBTx recipients typically under-
go multiple abdominal surgeries that make the dissection
phase very prolonged and complicated. Although the
SBTx procedure is longer than the orthotopic liver trans-
plant (OLT) procedure”, it is associated with less blood
loss than OLT (as compared to results from our center);
this may be related to the fact that SBTx recipients are
hypercoagulable and less likely to lose excessive blood™".

The presentation of PRS in SBTx recipients was de-
termined and compared to the incidence of PRS in liver
transplant recipients, which is a well-documented phe-
nomenon. In this study, criteria established by Hilmi e# al’
to define PRS and its severity were used. In the Hilmi
study, PRS was found to occur in all liver transplant re-
cipients, with 50% developing mild PRS and the other
50% developing more severe PRS, while in this study,
most SBTx recipients suffered mild PRS and almost
none suffered severe PRS. Although PRS was common
in SBTx recipients, it was not as dramatic as in liver trans-
plant recipients. Residual hypotension, which usually fol-
lows initial hypotension in PRS,; typically dissipates during
the first hour after reperfusion in SBTx.

The duration of ICU and hospital stay can be pro-
longed; in our series the mean was 3 and 26 d respectively,
which is comparable to what is published and known
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about this procedure. The occurrence of complications,
especially infection and rejection, and AKI can further
prolong hospital and ICU stay”. Tacrolimus-based main-
tenance therapy is used in most if not all transplant cen-
ters wotld-wide, while steroid and OKT?3 are reserved for
treatment of rejection episodes. During the last 10 years,
application of immune induction agents in SBTx recipi-
ents increased such medications include anti-lymphocyte
globulin (Thymoglobulin), anti-interleukin receptor globu-
lin (Zenapax), and the latest therapy, alemtuzumab (Cam-
path). The introduction of these agents in clinical practice
has significantly reduced the incidence of eatly rejection
and almost eliminated early graft loss as we demonstrated
in this study. However, the uses of the immune induction
agents are not without toxicity and unwanted side effects.
Recently Campath was reported to cause serious compli-
cations that prompted care providers to re-consider the
use of Thymoglobulin, especially in renal transplant re-
cipients[%’zg].

Although short-term patient and graft outcomes have
greatly improved, 5-year survival remains to be improved.
In our series, 5-year survival was 40% for grafts and
60% for patients. While still better than the survival rates
reported for recipients in the 2009 Transplant Registry
report, there is still a long way to go to improve overall
survival.

In summary, the overall short-term outcome for SBTx
recipients has greatly improved since our first report.
Changes in immunosuppressant protocol with introduc-
tion of induction agents and refinement of surgical tech-
niques may play a role in this improvement. However, this
improvement has yet to be reflected in long-term patient
and graft outcomes and scientists and clinicians have
many challenges to overcome.

COMMENTS

Background

Intestinal transplantation was made possible by the advancement in immu-
nosuppressant medications (tacrolimus) and it soon became the treatment of
choice for patients with irreversible intestinal failure. However, long-term patient
and graft health and survival are challenged by the high incidence of rejection
and sepsis. As a result, new methods of controlling the immune response in
small bowel transplant (SBTx) recipients continue to emerge, such as the use of
irradiated grafts to control the intestinal lymphatic tissues and the application of
immune induction agent to control the immune system. None of these methods
are without risks or side-effects; some of these complications are documented
in this study.

Research frontiers

Although SBTx is a well-established procedure for patients with short gut syn-
drome, it is only in its infancy; researchers and clinicians are still looking for
answers and solutions to the problems associated with this procedure. Report-
ing the outcomes from a well-known transplant center and documentation of the
impact of the immune induction agents on the perioperative course constitutes
valuable information for care providers.

Innovations and breakthroughs

The use of different immune modulation agents may impact short-term patient
and graft outcomes, but not long-term outcomes. Zenapax proved to be the
most notorious agent in causing more unwanted side effects and can signifi-
cantly impact the intraoperative and hospital course. Campath became the
most commonly used agent due to lower incidence of complications when
compared to Zenapex. Recently, the use of Thymoglobulin has been rising after
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reports of serious complications related to Campath, especially in renal trans-
plant recipients. Tailoring an immunosuppressant regimen that is appropriate for
a particular patient will be the optimal way to control and modulate the immune
response without added risk of sepsis.

Applications

This study showed that SBTx recipients have better short-term outcomes with a
theoretical advantage in that the graft can be removed in cases of graft-related
problems without serious impact on the recipient’s well-being. The results
showed an improved patient 1-year survival (95%) when compared to series
from other centers, which reflects the experience of the surgical team and/or
improvement in the immunosuppression protocol and patient selection.
Terminology

This study defined post reperfusion syndrome according to the standard that is
accepted by the anesthesiology team at our institution, which is not widely used
outside our practice. The authors defined acute kidney injury (AKI) using the
definition of the modified RIFLE (risk, injury, failure, loss, end-stage renal dis-
ease) criteria, as recommended by the Kidney Disease Improving Global Out-
comes AKI guideline but without urine output data. This definition uses a 50%
increase in SCr from the baseline (pre-operative value) or a 0.3 mg/dL increase
within 48 h.

Peer review

The nature of a retrospective study may lead to important limitations on the
identification and analysis of different confounding factors. However, the data
we used in this study were carefully collected, maintained, and tabulated for
each SBTx recipient as a part of our institutional policy, which gives credibility
to the authors’ study findings.
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